
UNCLASSIFIED

AD NUMBER

ADB096526

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; Aug
1984. Other requests shall be referred to
the Air Force Aeronautical Labs.,
Materials Lab., Wright-Patterson AFB, OH
45433.

AUTHORITY

AFWAL ltr, 8 Oct 1987

THIS PAGE IS UNCLASSIFIED



€p

MWA-R-e4117 AD-B096 526

MANUFACTURING METHODS FOR
PROCESS EFFECTS ON ALUMINUM
CASTING ALLOWABLES

K.J. OSWALT

Y. LII

NORTHROP CORPORATION
AIRCRAFT DIVISION
ONE NORTHROP AVENUE
HAWTHORNE, CALIFORNIA 90250

MARCH 1985

FINAL REPORT FOR PERIOD 10 APRIL 1980 TO 10 JULY 1984

SUBJECT TO EXPORT CONTROL LAWS

THIS DOCUMENT CONTAINS INFORMATION FOR MANUFACTURING OR USING MUNITIONS OF WAR.
EXPORT OF THE INFORMATION CONTAINED HEREIN, OR RELEASE TO FOREIGN NATIONALS WITHIN
THE UNITED STATES, WITHOUT FIRST OBTAINING AN MPORT LICENSE, IS A VIOLATION OF THE
INTERNATIONAL TRAFFIC-IN-ARMS REGULATIONS, SUCH VIOLATION IS SUBJECT TO A PENALTY
OF UP TO 2 YEARS IMPRISONMENT AND A FINE OF $100,000 UNDER 22 USC 2778.

"DISTRIBUTION LIMITED TO U.S. GOVERNMENT AGENCIES OnLY; TEST AND EVALUATION RESULTS
REPORTED: 1984 AUGUST. OTHER REQUESTS FOR THIS DOCUMENT MUST BE REFERRED TO THE
AIR FORCE AERONAUTICAL LABORATORIES, MATERIALS LABORATORY (AFWAL/MLTM), WRIGHT-
PATTERSON AIR FORCE BASE, OHIO 45433

MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433 ) Tf.•.7

NOV 1985
Ci FILE COPY

: . 85 9 26 043



NOTICE

"When Government drawings, specifications, or other data ore used for any purpose otherthan In connection with a definitely related Government procurement operation, the UnitedStates Government thereby Incurs no responsibility nor any obligation whatsoever; and the factthat the government may have formulated, furnished, or in any way supplied the said drawings.specifications, or other data, Is not to be regarded by implication or otherwise as in any mannerlicensing the holder or any other person or corporation, or conveying any rights or permission tomanufacture, use, or sell any patented invent-on that may in any way be related thereto.

This technical report has been reviewed and Is approved for publication.

KENNFTH L. KOJOLA
Project Engineer

FOR THE COMMANDER:

ATTWELL M. ADAIR
Chief, Metals Branch j
Manufacturing Technology Division

.JJ"If your address has changed, if you wish to be removed from our mailing list, or if theaddressee is no longer employed by your organization please notify AFWAL/MLTM W-P AFB,
OH 45433 to help maintain a current mailing list".

Copies of this report should not be returned unless return is required by security considerations,
contractual obligations, or notice on a specific document

I,.

- : .- / ,o-<.'..'-.',.-.'.,, .'..'. < .. - -, - -.. •. . .- ..-- . . . ., . . ., .. . . . . . .. . . .. .. . .. . .. ... . .



The following notice applies to Technical Report bibliogra-
phies with abstracts of unclassified reports containing
technical data that disclose critical technology with
military or space applications. Such technical data may
be releasable to "qualified U.S. contractors" under the
provisions of DoD Directive 5230.25, Withholding of
Unclassified Technical Data From Public Disclosure.

NOTICE TO ACCOMPAITY THE DISSEMINATION OF EXPORT-CONTROLLED TECHNICAL DATA

1. Export of information contained herein, which includes, in some circum-
stances, release to foreign nationals within the United States, without first
obtaining approval or license from the Department of State for items controlled
by the International Traffic in Arms Regulations (ITAR), or the Department of
Commerce for items controlled by the Export Administration Regulations (EAR),
may constitute a violation of law.

2. Under 22 U.S.C. 2778 the penalty for unlawful export of items or informa-
tion controlled under the ITAR is up to 2 years imprisonment, or a fine of
$100,000, or both. Under 50 U.S.C., Appendix 2410, the penalty for unlawful
export of items or information controlled under the EAR is a fine of up to
$1,000,000, or five times the value of the exports, whichever is greater; or
for an individual, imprisonment of up to 10 years, or a fine of up to $250,000,
or both.

3. In accordance with your certification that establishes you as a "qualified
U.S. contractor," unauthorized dissemination of this information is prohibited
and may result in disqualification as a qualified U.S. contractor, and may be
considered in determining your eligibility for future contracts with the
Department of Defense.

4. The U.S. Government assumes no liability for direct patent infringement, or
contributory patent infringement or misuse of technical data.

5. The U.S. Government does not warrant the adequacy, accuracy, currency, or
completeness of the technical data.

6. The U.S. Government assumes no liability for loss, damage, or injury
resulting from manufacture or use for any purpose of any product, article,
system, or material involving reliance upon any or all technical data furnished
in response to the request for technical data.

7. If the technical data furnished by the Government will be used for
commercial manufacturing or other profit potential, a license for such use may
be necessary. Any payments made in support of the request for data do not
include or involve any license rights.

8. A copy of this notice shall be provided with afty partial or complete
reproduction of these data that are provided to qualified U.S. contractors.

S



UNCLASSIFIED
SECURITY CL.ASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE
is. REPORT SF URIYY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

UNCLASSIFIED 3 ITIUINAALBLT FRPR

2.. SECURITY CLASSIFICATION AUTHORITY 3 ITRIUINAA AILT FRPR
Distribution is limited to U.S. Government agencies
only. Test and Evaluation. 1984 August. otherK2b. OECLASSIFICATION/OOWNGRADiNG SCHEDULE requasts for this document maust be referred to

__ MKATERIALS LABORATORY, ATUJAL/MI.Th, W-FAFB, OH 45433
4. PERFORIN41N ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMSER(S)

NOR 85-119 AFWAL-TR-.84-4 117

I 6*. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL Is. NAME OF MONITORING ORGANIZATION
NORTH ROP CORPORAT ION Iaplcb,

* Aircraft Division jMaterials Laboratory (AFWAL/MLTM)
6c. ADDRESS (City, State and 71P Code) 7b. ADDRESS (City. Slats, and ZIP Code)

One Northrop Avenue Air Force Wright Aeronautical Laboratories
Hawthorne, California 90250 Air Force Systems Command

________________________Wright-Patterson AFB, OH 45433
go. NAME OF FUNDING/SPONSORING OBb. OFF ICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (ifplcbe

_________ F33615-79-.C-51 16
&c. ADDRESS (City. State and ZIP Codel 10. SOURCE OF FUNDING NOS.

PROGRAM PROJECT TASK WORK UNIT

Wih-atroAFOh 45433 ELEMENT NO. NO. NO. NO.

* 11. TITLE Inc-Jude Security Class,ficai~onI 79011F 268-9

7- 12. PERSONAL AUTHORISI

K ermit J. Oswalt, Y. Lii
13s. TYPE OF REPO RTTb TIME COVERED 14. DATE OF REPORT ,Yr., Mo., Day) 1ý5. PAGE COUNT

16. SUPPLEENTARY NOTATION FO j~j~lOMrh18

7.COSATI CODES ]18. SUBJECT TERMS (Continue on etikrte ifnoe~uary and Identtfy by block nuenberl

FIELD GROU SUB GR. Aluminum Castings, A357, A201, Mechanical Properties
1~~ j'Airframe Structures, Specifications, Manufacturing Methods

1.A TRACT (Continue on rev~ers~e it necessary and identify by block number)
"JrThis program was accomplished in two phases, I and II. Both phases were conducted in

two parts, A and B.

Phase IA established the status of premium quality aluminum foundry technology and
identified the need for user-design documentation. Phase IB demonstrated the foundry pro-

csigeffects that are major contributors to casting properties of aluminum castings.

PhseIA established foundry process control and inspection procedures needed to op-

timize casting properties. Phase IIB incorporated these procedures into a comprehensive
test program. The object of this test program was to establish reliable design informa-
tion and documentation for the design and procurement of premium quality alumimum casting s

20. DiSTPI BuTION/AVAI LAB'ILITY Or ABSTRACT 21. Aa3STRACT SECURITY CLASSIFICATION

UNCLASSIFIED/UNLIMITED C: SAME AS APT. L] 01 C USER'S UNCLASSIFIED
22.. NAML OF RESPONSIBLE INDIVICIUAL 22b TELEPHONE NUMBER 22c-. OFFICE SYMBOL

(nlune hAdS 4ri Codei

Icnneth L. Kojola (513) 255-51bI AFWAL/MTLTM

DD FORM 1473, 83 APR EDITION OF I JAN 73 IS OBSOLETE.

SECURITY CLASS,'- 'CATION OF THIS PAGE



FOREWORD

This final technical report covers the work performed under Contract

F33615-79-C-5116 frorii April 1980 to July 1984 by Northrop Corporation, Air-

craft Division, Hawthorne, California under Project No. 268-9, Manufacturing

Methods for Process Effects on Aluminum Casting Allowables. The program was

administered under the technical direction of Mr. Kenneth L. Kojola, Metals

Rranch, Manufacturing Technology Division, Materials Laboratory, Air Force

Wright Aeronautical Laboratories, Air Force Systems Command, Wright-Patterson

Air Force Base, Ohio 45433.

Northrop's Metallic Materials Research and Advanced Manufacturing Tech-

nology Department, performed the work. Mr. Kermit J. Oswalt was the Program

Manager, Dr. Yuli Lii and Mr. Charles Ford were the Principal Investigators.

The program manager wishes to acknowledge Messrs Jud Iler and Larry

Zellman, for their many contributions; Mr. Paul Ruff, Battelle Columbus Labs,

for the data analysis and for his leadership in the ad hoc casting group of

the MIL-HDBK-5 committee which assisted in the development of the proposed

specifications; Mr. K.C. Wu on the development of the A201 welding process;

"and Mr. S.M. Hsu, for the mechanical testing performed during the program.

The major subcontractors on the program were The Arwood Corporation,

Tilton, New Hampshire; Cercast, Inc., Montreal, Canada; Hitchcock Industries,

Inc., Minneapolis, Minnesota; Teledyne Cast Products, Pomona, California;

"Magnesium Alloy Products, Gardena, California; Morris Bean and Company,

Yellow Springs, Ohio; and Smithford products, Ontario, California.

This report covers work conducted from April 1980 to July 1984.
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SUMMARY

1. SUMMARY

a. Foundry Manufacturing Technology and User Documentation

A comprehensive survey of airframe manufacturers and their premium quality

casting suppliers was made to establish the status of foundry manufacturing

technology and ythe need for design documentation. It was determined that:

1. Foundry manufacturing capability varies considerably within the indus-

try because of the technology, equipment and interest of the foundry.

2. The manufacturing process variables which are involved in the manufac-

ture of premium quality aluminum castings have been identified; how-

ever, the significance of each variable on casting properties must be
determined to advance the state of the foundries manufacturing tech-

nology and assure the integrity for structural )aircraft components.

3. Inspection techniques and criteria are needed to identify the signif-

icant characteristics of a material of acceptable properties.

4. The following information is needed to expand the use of premium qual-
*' ity aluminum castings into structural airframe components:

(a) MIL-HDBK-5 design properties supported by proven quality assurance
. provisions of the material specification

* (b) Clarification of the casting factor requirements of military and

company documents to permit castings to be designed in a manner

similar to wrought materials

(c) Data for damage tolerance designs.

xxi
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b. Effect of Manufacturing Process Variables

The effect of the manufacturing process variables of shell investment and

*• sand composite production methods on the tensile properties of alloys A356,

* A357, and A201 was demonstrated.

It was shuwn that the major variables of the manufacturing process which

must be controlled to optimize the tensile properties of castings of all three

alloys produced by both molding processes were alloy and impurity content of

* the melt composition, radiographic quality and coarseness of casting micro-

structure, and variations of the heat treat process. Each variable is capable

of independently causing significant degradation to prevent optimization of

casting tensile properties unless controlled to within tighter limits of

acceptability then currently specified in procurement specifications.

c. Procurement Specification

Material specifications were developed for the procurement of A201-T7

and A357-T6 structural aircraft castings. The acceptance criteria were based

on a comprehensive evaluation of the effect of manufacturing process variables

on tensile properties of castings. Quality acceptance procedures were genera-

ted which verify the effectiveness of the foundry process controls. These

procedures were incorporated in the specifications as acceptance inspection

* test procedures.

d. Quality Assurance Acceptance Testing Methods

"Acceptance testing procedures were developed to ensure consistency and
Sreliability of the material accepted for flight critical structures. These

* procedures vary from those currently used in military or other material speci-

fications. The effects of variations in the manufacturing process were found

* to be related to the radiographic quality, heat treat response, and micro-

structure of the casting.

xxii
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e. Design Property Data

Castings, produced by two foundries, employing a minimum of 10 melts

and 4 heat treat lots, were poured in each alloy and evaluated to develop

statistical design properties in accordance with the guidelines of MIL-HDBK-5.

Design property values of the A357-T6 cast material were established on a

statistical A and B property basis. The A property values were 50.6 ksi UTS
and 42.1 ksi YS. The B values were 52.2 ksi UTS and 43.7 ksi YS. The casting

properties of A201-T7 cast material varied in a non-normal manner above the

minimum requirements and, therefore, only specification(s) values could be

determined. These were 60 ksi UTS and 50 ksi YS. Strength ratios for design
properties of compression, shear, and bearing were also determined for each

alloy. This information was used to prepare a design property table for each

alloy.

f. Fatigue Properties

The notched fatigue endurance limit of A357-T6 and A201-T7 was shown

to be approximately 13 ksi and 9 ksi respectively; however, additional testing

is needed to establish the endurance limits with confidence.

g. Fracture Toughness

The fracture toughness results were invalid for Kic values; how-
ever, KQ values varied from 25.4 to 26.7 ksi in.1/2 for A357-T6 material

and 23.3 to 33.2 ksi in.1/2 for A201-T7 material.

h. Fatigue Crack Growth Properties

The crack growth behavior of A357-T6 material was similar to alloy

7075-T7351 and the A201-T7 material was judged similar to alloy 2124-T851.

i. Weld Improvement Properties

Cast A357-T6 and A201-T7 material which had been welded to a depth of
50 percent of the wall thickness were reheat treated and tested for notched

xxiii
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"fatigue, fracture toughness, and tensile properties. In comparison with the

properties of parent material, the tensile properties of the welded material

of both A357-T6 and A201-T7 were very similar, the notched fatigue and frac-

ture toughness of the welded A201-T7 were better than the parent material; the

fatigue properties from welded A357-T6 material showed a slight degradation in

"comparison with those of parent material after 500,000 cycles, and the frac-

ture toughness properties of welded A357-T6 were similar to the toughness of

the parent material.

j. Effect of Radiographic Flaws

Cast material of A357-T6 and A201-T7 containing C-D grade radiograph-

ic quality per MIL-C-6021 were evaluated. Tensile and notched fatigue proper-

ties of A357-T6 material were reduced due to shrinkage and porosity however,

sponge shrinkage at a similar quality level did not affect the fracture
toughness. Grade D gas porosity reduced the tensile and notched fatigue

properties and to a lesser degree also reduced fracture toughness of A201-T7

material.

k. Cost Analysis

Castings of various complexity and configurations were analyzed for

the most economical method of production. Cast shapes were found to be most

economical in mlore complex configurations while other production methods were

cost-effective for simple configurations.

xxiv
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SECTION I

INTRODUCTION

1. BACKGROUND

Although the manufacturing technology for producing premium quality

castings has been known for more than 20 years, general acceptance and use

of this cost-saving technology by the aerospace industry has been extremely

limited. There are two reasons for this reluctance: (1) the' use of casting

design factors results in excessive and costly weight penalties and (2)

aerospace users have had a low level of confidence in the foundry's ability

to consistently manufacture acceptable castings. This program is based on

the premise that castings produced to predetermined quality criteria exhibit

a predictable tensile property capability. The properties of the casting are

controlled by the foundry manufacturing process which determines the metal-

lurgical quality of the material. Once the effect of the manufacturing

process variables are known and related to the metallurgical quality of the

material , the casting properties will not change unless there is a change in

the quality of the material.

The lack of adequate controls by both foundry and user has been an

inherent problem in the production and use of premium quality castings.

This has resulted in numerous situations where the user and the producer

not agree on the metallurgical acceptance criteria. This situation has

evolved from both an inadequate understanding of the manufacturing parameters

and process control variables affecting mechanical properties, and a lack of

an accepted industry approach. Needed are specific control and acceptance

procedures to ensure consistent quality castings with reliable mechanical

properties.

The purpose of this program was to identify processing variables that

affect casting properties, to establish design property values, and to

demonstrate nondestructive inspection techniques that could reliably predict

and correlate with the casting component properties. This information is

needed to extend the use of cast structures in airframe designs and to reduce
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. the manufacturing cost of aircraft. The cost-reduction benefit generally

* increases proportionally with the part size and complexity.

2. OBJECTIVE

"The general objective of this program was to establish the relationship

between allowable design properties and manufacturing processes used to

• 'produce premium quality aluminum castings for primary aircraft structure.

Specific program objectives were:

1. Establish realistic minimum design properties at a confidence level

level that would encourage the use of aluminum castings for flight-

critical structure

2. Demonstrate process controls and quality assurance techniques that

would eliminate the need for casting factors

3. Define methodology from design concept through casting acceptance

4. Develop MIL-HDBK-5 casting design-allowable data

5. Demonstrate cost-effectiveness of aluminum castings for aircraft

structures.

3. PROGRAM APPROACH

The program was accomplished in two phases. In Phise I, a survey of

airframe and casting manufacturers was made to understand the industry needs

necessary to expand the use of cast structures. An evaluation of foundry pro-
cessing was performed to identify those variables that must be controlled to

optimize casting properties. In Phase II, NDI and process control procedures

were correlated with the significant process variables to define a structural

quality airframe casting procurement specification. Test castings procured

to this specification were used to develop reliable design dati for the

manufacture of aircraft structures at lower cost.
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4. MAJOR PROGRAM ACCOMPLISHMENTS

The major program accomplishments were as follows:

ir 1. Demonstrated the effect of procL.sing variables for shell investment

and sand composite production methods on the mechanical properties of

A356-T6, A357-T6 and A201-T7 cast materials.

2. Generated two material specifications for aircraft structural casting

procurement with defined quality controls and optimum mechanical prop-

erties and one process specification for measuring DAS.

3. Developed design allowable data for MIL-HDBK-5.

4. Determined fracture toughness, fatigue and crack-growth information,

and demonstrated the effect of repair welding and radiographic

unsoundness on toughness and fatigue properties.

5. Developed NDI procedures and acceptance criteria to assure property

reliability and consistency.

6. Demonstrated cost-effectiveness of cast structures.
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SECTION IT

CURRENT TECHNOLOGY AND UTILIZATION BASE

4.::
1. INTRODUCTION

A comprehensive survey was made of airframe manufacturers and their pre-

mium quality aluminum casting suppliers. A total of 18 foundries producing

castings to the requirements of military specification MIL-A-21180, "Aluminum-

Alloy Castings, High Strength" for the aerospace industry were surveyed. A

isting of the foundries is shown In the Appendix A. Seven of the foundries

"used the shell investment process and eleven foundries produced aerospace

castings by the sand composite molding process. Thirteen airframe manufactur-

ers were surveyed. These were Boeing (Wichita and Seattle), Fairchild,

Genet-al Dynamics, Grumman Aerospace, Lockheed (California and Georgia), LTV,

McDonnell-Douglas (Long Beach and St. Louis), Northrop, Bell Helicopter, and

Hughes Helicopter.

The responses obtained from these surveys are summarized in Appendices

A and B.

2. FOUNDRY PRODUCTION METHODS

The airframe industry primarily uses aluminum castings which are produc-

ed by the shell investment or the sand composite molding processes. The sur-

vey was therefore limited to foundries employing these processes for the

* production of airframe MIL-A-21180 type castings.

The shell investment and sand composite molding techniques are well known

and described in published literature. These molding techniques can be used

to produce castings of various strength levels, except that each technique has

an upper limit that is practical to obtain in a specific casting configura-

tion. The dimensional quality in general is better in castings produced in

S.investment molds than in sand composite molds. However, the strength of sand

composite molded castings is generally superior to those produced in shell

*• investment molds.

4
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Complex, high quality castings are always more difficult to produce to

minimum tolerance requirements than simpler configurations of lower quality.

a. Critical Metallurgical Variables

The critical metallurgical variables which must be controlled in order

to produce premium quality castings have been documented in numerous papers.

Many of these are included in the bibliography of this report. The success
of obtaining premium quality is determined by the capability of the foundry

to control processing. The critical metallurgical variables which are

controlled by foundry processing are:

1. Chemistry

2. Solidification rate

3. Soundness

4. Heat treatment

The importance of specific processing factors changes with the alloy,

and with the strength and quality level desired. In this portion of the

"program, the process control employed by the foundry to optimize the strength

. properties of each alloy and process was reviewed.

. b. Process Control Equipment Type and Tests

The type of testing used by the foundries surveyed to maintain

process control was as follows:

TEST PROCESS

Sand Composite Investment

Melting

"Spectographic x x

Vacuum test x x

Temperature x x

"Pouring temperature

Pyrometer X x

5
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TEST PROCESS
Sand Composite Investment

Soundness

As-cast x-ray x x

As-cast penetrant x x

Heat Treatment
Hardness x x
Conduct i vi ty* x

Sep. cast T/B** x x

Attached T/B x

Gated T/B x

Excised T/B x

NOTES: * For A201 only

•* T/B - test bar

* May be prolongation

The purpose and type of equipment used for each molding process was as

follows:

Used By
Equipment Purpose Sand Composite Investment

Spectrograph Melt chemistry x x

Gas detector Melt gas content x x
Pyrometer Melt temperature x x

X-ray As-cast quality x X

Penetrant As-cast quality x X

Tensile H.T.* control x x

Hardness H.T. control x X

Metallograph Resolve problems x x

(grain size. DAS, etc.)

Camera Document molding x x

NOTE: *H.T. = Heat treat

6
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c. Process Documentation

Manufacturing variables which were documented for control were as r

follows: L

Investment Sand Composite
P/N G P/N G

Melting x x

Chemistry x x x K

Mold assembly x K

Rigging x x

Chilling x x

Pouring temperature x x

Solution treatment (T&T) x x x x

"Quenchant (type & temp.) x x x x

Aging treatment (T&T) x x x x

Weld repair x x x Ka(

NOTES: P/N - document for each part number

G- general document
(T&l) - time and temperature

d. Strength Property Capability

Each foundry was asked to define the strength property capability of

"their process. The results were as follows:

Sand Composite Shell Investment

Ultimate/Yield/Elongation Ultimate/Yield/Elongation

Alloy A356-T6

Critical area: 45/34/3 - 38/28/5 43/32/4 - 38/28/3

Other area: 38/28/3 - 32/22/2 38/28/3 - 32/22/2

Entire casting: None recommended 38/28/5 - 35/25/4

Alloy A357-T6

Critical area: 50/40/5 - 45/35/3 50/40/5 - 33/27/3

Other area: 45/40/3 - 38/28/3 47/40/3 - 33/27/3

"Entire casting: None recommended 41/31/3 - 38/28/5

S7
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Sand Composite Shell Investment
Ultimate/Yield/Elongation Ultimate/Yield/Elongation

Alloy A201-T7
- Critical Area: 60/50/3 60/50/5 - 55/45/3

Other area: 56/48/1 - 56/46/2 53/43/3 - 50/40/2
Entire casting: 60/50/3 60/50/3

Little agreement exists within the industry. Most of the investment
foundry data were from prolongations or separately cast test bars in lieu of
"tensile specimens excised from castings. This is not an uncommon test

procedure for investment castings due to their small size or thin wall

configurations.

3. FOUNDRY AND USER RESPONSIBILITIES

To clarify the responsibilities of user and foundry, the survey asked
both groups to identify areas which had caused confusion in casting procure-

.ment and to identify the areas of responsibilities. The response was as

fol lows.

a. Problem Areas

The following items were identified as problems by either the foun-
dry or the user:

1. Transferred tooling equipment usually needs modification

2. Foundry needs more time for quality development of first article

3. Drawing callouts are not always clear

4. Too many company specifications cause confusion at the foundry

5. Liaison personnel are not always knowledgeable in foundry proce-
dures

6. Foundry does not identify problem areas during bidding process

7. Foundry does not test first article - lets user determine
acceptability

8. Machined part drawing not supplied foundry

8



b. Foundry Responsibilities

The users generally require the foundries to be responsible for the

following:

1. Storing and maintaining patterns and inspection equipment

2. Applying production control procedures that can effectively
maintain shipping schedules

3. Developing shop aids necessary to control casting to drawing
dimensions

4. Establishing process controls to maintain the required casting

quality and workmanship

c. User Responsibilities

The foundries generally expect the user to be responsible for
supplying the following:

1. Accurate drawings of the casting and machined parts
I'

2. List of approved process facilities

3. Up-to-date company specifications as applicable

4. Shipping schedule requirements

5. Description of tooling to be used if available, at the time of
request to quote

4. DESIGN PRODUCIBILITY CONCEPT OF USER

Ai-frame design groups did not maintain design producibility information

which was related to premium quality castings. The concept was to apply the
same design parameters for all qualities of casting and let the material
specification handle to the quality requirements.

5. FOUNDRY SURVEY AND APPROVAL BY USER

Foundry surveys were generally conducted by the user's quality control
department, which surveyed all foundry regardless of quality capability to the

same requirements.

"9



Qualified source lists maintained at the various user facilities do not

identify those foundries capable of producing MIL-A-21180 type castings.

6. QUALITY ASSURANCE REQUIREMENTS OF USER

JI

a. First Article Approval

Most users accepted the foundries' test results when available;

however, the user still required preproduction castings. About one-half of 1:
. the users excised tensile specimens from the sample casting and determined

its capability to meet minimum requirements.

b. Production Testing

Production testing was done by the foundry at the user's approved

*" testing source except for hardness testing and some excising of tensile

specimens done by the user. Tests required were chemical analysis, penetrant,

x-ray, hardness, and tensile properties of separately cast test bars or

integral attached test bars and excised specimens from castings (destructive

testing). Castings were selected at random, or as the least acceptable, for

destructive testing. The frequency of testing was based on a "count," e.g.,

1 in 20. Most users specified where the specimens were to be excised from

the casting. Retesting was permitted if failure occurred through a radio-

graphically acceptable flaw. Testing procedures were in accordance with
ASTM Standard E8, "Tension Testing of Metallic Materials."

c. Process Welding

This was restricted in most instances to specific locations and

sizes of areas to be repaired.

d. Traceability

Castings required vibro-etched or ink stamp markings for traceability
of x-ray number in most instances and heat treat lot or melt number in a few

instances.

Io4
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e. Performance Records

All users maintain performance records of each foundry.

7. USER DOCUMENTATION DEFICIENCIES

a. Procurement Specification

All airframe manufacturers use MIL-A-21180 or a company specifica-

tion written with similar requirements for procurement of premium quality

castings. The followinq changes were recommended by the airframe manufac-

turers to make MIL-A-21180 more applicable to their individual company

needs:

Number of
Companies With

Recommended Changes Similar Comment

Add provision for a qualified source list 2

Remove MIL-STD-105, "Sampling Procedures 8
and Tables for Inspection by Attributes"

Eliminate requirement for higher x-ray grade of preproduc- 10
tion part

Add provision for allowing process welding 5

- Add requirement for cast-on serial number 2

Change "required" H.T. procedure to "recommended" 2

Increase tensile property requirements for preproduction I
casting

Equate testing requirements with margin of safety I

Remove "Options" 2

Add requirement for integral attached coupon or 6
,' orolongation

Relate minimum properties to process 3

-nefine conditions which allow retesting 3
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Number of
Companies With

Recommended Changes Similar Comment
Provide for testing of casting too small to excise tensile 2

specimen

Establish QA test requirement for each process variable 2

Eliminate 5-percent elongation requirement I

Remove requirement to negotiate properties with foundry 1

Relate to margin of safety 1

Reduce testing frequency as confidence increases I

Remove alloy and property requirements (use drawing notes) 1

Improve tensile test procedure (defects have greater 1
effect on smaller specimens; therefore, property minimum
should be lower)

Relate x-ray quality and tensile properties 1

Define surface quality 1

Delete alloys C355, 354, and A357 I

Delete grade "A" x-ray requirement I

b. User Property Requirements

, pThe user tensile property requirements varied as follows for each

process and alloy:

Sand Composite Shell Investment
Ultimate/Yield/Elongation Ultimate/Yiel d/Elongation

Alloy A356-T6

"Critical areas: 40/30/3 - 38/28/4 Not specified

Noncritical areas: 38/28/3- 30/20/3 Not specified
* All areas: 38/28/5 - 38/28/4 40/30/3 - 30/20/3 and

38/28/3-5

12
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Sand Composite Shell Investment
Ultimate/Yield/Elongation Ul timate/Yield/El ongation

Alloy A357-T6

Critical areas: 50/40/3-5 - 48/40/5 41/31/3

Noncritical areas: 44/34/4 - 38/28/3 38/28/3 %

All areas: 48/36/5 - 38/28/3 41/31/3 - 38/28/3-5

I-.

Alloy 201-T7

Critical areas: 60/53/3 Not specified

Noncritical areas: 56/53/2 Not specified

All areas: 60/50/3 - 53/48/3 60/50/3 - 55/46/2

Note that the investment casting properties required for alloy A356

were very similar to those generally required for sand composite casting of

alloy A356.

Investment casting property requirements of most users were applied

At the same strength level for the entire casting. The property requirements

that were applied to sand composite castings usually varied for critical and

noncritical casting areas, although some users applied only one property

strength level to the entire casting. The difference in approach, as related

to the foundry process, is understandable since investment castings generally

are much smaller and therefore, not subjected to a detailed stress analysis

within the various areas of the casting.

c. Structural Analysis Requirements

This is a critical area of each user's design process that defines

differences between premium and normal aircraft quality castings. The group

classifies each casting in accordance with MIL-C-6021 "Castings, Classifica-

tion and Inspection of." Class 1 castings are subjected to static testing to

prove the design is acceptable prior to production use. This is a one-ti,'te

test only. A casting factor is used in most airframe designed castings

hecause of the requirements of MIL-A-008860, "Airplane Strength and Rigidity

Ground Test," which states: "Calculated margins of safety using 'A' values r

13
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from MIL-HDBK-5 shall be not less than 0.33 for limit and ultimate calcula-

tions.0 " The design factor applied by various design groups was found to vary

up to 3.00 in some instances.

d. Information Needed to Use Castings for Primary Structure

This includes (1) design test data and qvality assurance require-

ments which will eliminate the need for a casting factor, (2) damage toler-

ance, fatigue and fracture toughness information, and (3) realistic design

allowables in MIL-HDBK-5.

14
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SECTION III

UPDATE OF CURRENT TECHNOLOGY STATUS AND

A REVISED SYSTEMS APPROACH

1. INTRODUCTION

The objective of this task was (1) to up-date the current technology

status with a revised systems approach to casting design, procurement, and

acceptance, (2) to identify technical areas that need further improvement or

pertinent factors which need clarification, and (3) to propose specifications

which would include foundry control procedures to be defined later in the

program.

2. PROPOSED APPROACH FOR CASTING DESIGN, PROCUREMENT, AND ACCEPTANCE

METHODOLOGY

a. Design Concept

The first step in a component design is the preparation of a drawing

of the finished part. This is done to define the tolerances and quality re-

quired for the part to function. If a casting is selected, the next step

would be to prepare a drawing of the rough casting. The designer then designs

the rough casting. The final design is discussed with design-to-cost person-

nel to arrive at an agreement about the most economical method of production.

* For simple configurations, the method of production can be ascertained from

the design manual. As the shape becomes larger and more complex, the most

economical method of production is more difficult to determine and separate

study effort may be required by the design-to-cost group. In these instances,

"sketches or preliminary drawings are developed by the designer to obtain

approximate cost estimates of various production methods. These methods may

include machining a part from a forging or a plate as well as various casting

methods.

15



Drawings are reviewed by producers of the various candidate parts to

"indicate dimensional and quality limitations. The estimate of part cost and

the marked up drawing are returned to the design-to-cost group. Finishing

costs are then determined and added to the cost of the rough part to arrive

at the most economical method for producing the part.

b. Preliminary Drawing Preparation and Team Review

Using design guidelines for the selected molding process the prelim-

- inary casting drawing is developed for team review.

A team review of the preliminary casting configuration is used

effectively to expedite release of drawings. Thu typical review team is

comprised of a representative from each of the following departments:

1. Manufacturing Engineering

2. Quality Assurance

3. Procurement

4. Materials and Process

5. Engineering Liaison

6. Design-to-Cost

7. Design Engineering

8. Structural Analysis

* The responsibility of each team member is as follows:

1. Manufacturing Engineering: Responsible for the dimensioning

method to be used for machining purposes, e.g., need for check

fixture, tooling points, datum planes

2. Quality Assurance: Responsible for the method used for casting

acceptance before machining, i.e., the need for inspection fix-

tures and method of dimensional layout and control and coor-

dination with manufacturing engineering

16
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3. Procurement: Responsible for anything unusual which may create

a procurement problem. Procurement may request supplier input

regarding producibility, cost, and lead time; it can be very

misleading, however, to discuss a pending design with only the

representatives from one foundry. For large or complex cast-

ings, input from several foundries is desired to ensure that

cost and schedules can support production requirements. Design

changes can be considered at this time which improve casting

producibility; results of these discussions are then considered

by the review team to arrive at the final design

4. Material and Process: Responsible for the specifications and

quality requirements for compatibility with the molding process

and property requirements

5. Engineering Liaison: Responsible for any drawing features which

have previously required Materials Review Board action and need

to be avoided

6. Design-to-Cost: Responsible for trade-off decisions regarding

producibility as related to cost

7. Design Engineering: Responsible for the feasibility of suggested

drawing modifications

"8. Structural Analysis: Responsible for use of the proper material

and casting classification; also defines the areas of highest

stress.

A check print of the rough casting and finished part drawing (a

two-part drawing) is distriLuted to each team member by the team chairman.

The chairman convenes the review team and all comments are finalized on one

drawing which is given to the designer for incorporation.
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c. Drawing Release

After the designer has incorporated all comments from the review

team, the drawing vellum and the check print from the review team are for-

warded to the design check group. The check group determines if the proper

drawing format was followed and if the vellum reflects the changes shown on

the check print from the team review. If correct, the vellum is signed off by

, the checker and inserted in the company drawing release system. The procure-

ment group receives advance copies of the drawing to expedite procurement of

the casting.

d. Casting Procurement

Procurement reviews the source list of foundries approved for the

type of casting or molding method, alloy, and property level. If necessary,

new suppliers are identified and surveyed at the request of the Procurement

Group. The survey consists of a review of the potential foundry facilities

by a representative from each of the following groups:

1. Procurement

2. Quality Control or Quality Assurance

3. Materials and Process Engineering

Each representative may survey the facility separately or together

as a team. The airframe group representative's responsibilities are as

follows:

1. Procurement: Responsible for evaluating the financial and com-

pany organizational stability of the foundry; also considers

production control procedures and the ability of the foundry to

respond to user requirements and corrective action requests

2. Quality Control: Responsible for evaluating the foundry process

control, traceability procedures, and inspection equipment cali-

bration and maintenance; also considers the position of the

quality control manager in the company organization structure

18



3. Materials and Process Engineering: Responsible for evaluating

the foundry level of technology and capability; also considers

the documentation of procedures and controls applied to maintain

a high level of quality.

The survey is coordinated by the casting buyer who advises the foundry of

the results. Approved foundries are placed on an approved source list for the

alloy, process, and property level approved.

e. Request for Quotation

After determining the approved sources, the foundries are requested

to quote on production quantities. The quote package should contain and de-

fine the following:

1. New or existing tooling to be used; if new tooling is to be

built, the life expectancy is stated, and availability of in-

formation needed to construct the pattern equipment

2. Three drawings of the casting, including the final machined part

3. Quantity and schedule requirements

4. List of approved processing sources

4,.

5. Testing responsibilities of the foundry.

In responding to the request, the foundry defines:

1. Costs and capability to meet proposed schedules

2. Deviations required or items requiring clarification.

f. Placement of Purchase Order

After review of all quotations, the casting buyer selects the casting

* 1



source and releases the purchase order in accordance with standard procedures

of the Materiel Group.

g. Production Approval (First Article)

Requirements for production approval must be defined in the procure-

ment material specification. The requirements define the following:

1. Minimum quantity of castings to be submitted

2. Test data, certifications, processing information, and any order

of precedence that may be required; for instance, the x-ray
technique should be approved by the user before the sample
castings are submitted for production approval.

After the casting and information have been received, the user evaluates L1.
the castings and determines the acceptability limits to be used for subsequent

production castings. These limits define the acceptance criteria for such

items as follows;

1. Specific test sites of the casting for evaluation of tensile

properties, and/or solidification rate tests

2. Yield strength range of acceptability of integral attached ten-

sile coupon

3. Special quality requirements if any, for specific areas of the

casting.

Processing control documentation is reviewed and, if approved, so indi-

cated. The procedures are not approved for technical content, only to en-

sure that all pertinent variables are controlled.

The results of the user aluation are forwarded to the foundry and

the user's receiving and inspection quality control group.

20
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1

3. TECHNICAL AREAS NEEDING REFINEMENT OR CLARIFICATION

a. Design Considerations

The following is needed to design premium quality aluminum castings
as primary structural components:

"1. Development of reliable design property data in a manner accept-

"able for MIL-HDBK-5 use

"2. Definition of quality assurance tests in applicable material

specifi cations

3. Elimination of military requirements to use a casting factor

4. Design data for damage tolerance applications.

b. Foundry Considerations

An understanding is needed for the effect of processing variables on
the properties of castings produced by various molding techniques. Quality

assurance limits, inspection techniques, and process controls are needed to
maintain a minimum property level in each casting routinely produced.
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SECTION IV

SELECTION OF TEST CASTING AND DEVELOPMENT OF AN

EVALUATION PROCEDURE

1. TEST CASTING SELECTION

A plate 3 inches by 10 inches with a thickness determined by the
foundry was selected for foundry process evaluation. See Figure 1. Pattern
costs and development effort were minimal for this configuration thereby
allowing greater effort and cost to be expended toward developing program

objectives.

2. PROCEDURE FOR EVALUATION OF PROCESS EFFECTS

The alloys included in this evaluation were A356, A357, and A201; the
molding techniques were sand composite and shell investment. The manufactur-
ing process effects selected for evaluation were melt chemistry, heat t-reat-

ment response, solidification rate, and internal soundness. Results of other
investigations have shown these effects to exhibit significant influence on
casting properties. In this program each effect was independently evaluated
to demonstrate the magnitude of each effect on the casting properties.

-. Standard reference plates were produced with each alloy and molding
technique to establish a tensile property base. The optimum value for each
variable and the level of tensile properties required in plates was defined

- and agreed upon by the foundry. A range of values for each variable was

tested to demonstrate the importance of controlling the variable.
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3 IN.

OPTIONAL

FIGURE 1. PLATE CASTING
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The proposed foundry effort to produce test plates of each alloy and

both molding techniques is described in detail in Appendix F.

Proposed minimum tensile properties for each alloy were:

1. A357-T6: 50 ksi ultimate strength
40 ksi yield strength
5 percent elongation

2. A356-T6: 38 ksi ultimate strength
28 ksi yield strength
5 percent elongation

3. A201-T7: 60 ksi ultimate streingth
50 ksi yield strength
3 percent elongation

These values represent the highest level of strength requirements now
contained in MIL-A-21180 for each alloy, although it may be unrealistic to

apply these target values to investment molded castings.
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It was proposed that to obtain the target properties, the standard

reference plates should exhibit values within the following limits for each

metallurgical variable:

Alloy Melt Radiographic Yield

and Temper Composition DAS/Grain Size Quality Strength

Limits*

A357-T6 % Mg: 0.0015 inch Grade B 42 to

0.57/0.62 max. min. 46 ksi

% Fe: DAS

0.13 max.

A356-T6 % Mg: 0.0015 inch Grade B 32 to

0.35/0.40 max. min. 36 ksi

% Fe: DAS

0.13 max.

A201-T7 % Mg: 0.0050 inch Grade B 55 ksi
0.30/0.35 max. min. min.

_% Cu: Grain

4.65/4.85 Size "

7% Ag:

"0.55/0.65
% Mn:

0.30/0.40
7% Fe: 3

0.05 max.

%Si:
0.10 max.

*Remainder of composition to be within the limits specified in

MIL-A-21180.

25
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SECTION V

SURVEY AND SELECTION OF FOUNDRY PARTICIPANTS

The objective of this task was to survey potential foundry participants

and select those who would best demonstrate the effect of process variables

"* on casting properties. The molding techniques considered were shell invest-

* ment and sand composite. Alloys to be included in this task were A356, A357,

* and A201.

Inquiries were sent to all foundries included in the earlier survey which

indicated an interest in participating in the program. Bids were received

from sand composite foundries of Hitchcock Industries, Magnesium Alloy Pro-

ducts Company, and V&W Castings Company. Investment foundries responding were

Golden State, Arwood Corporation, and Cercast Inc. The foundries selected to

participate were Hitchcock Industries for production of the sand composite

plates of A356, A357, and A201 alloys, Cercast Inc. for production (f A356

shell investment plates and Arwood Corporation for A357 and A201 shell invest-

ment plates.

As previously discussed, foundries employing other molding techniques

were not considered since the majority of MIL-A-21180-type aluminum castings

procured for airframe structure were found to be produced by either the shell

investment or sand composite molding technique in the survey of airframe

manufacturers.

L
:2..
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SECTION VI

FOUNDRY PROCESS DESCRIPTION AND TEST PLAN

1. INTRODUCTION

The objective of this Dortion of the program was to evaluate the
I.-

effect of the manufacturing variables that are involved in the production of

structural aircraft aluminum castings. The variables were evaluated with
regard to their effects on the tensile properties of the castings. While
variables of foundry processing have been previously evaluated, this investi-

gation was unique because (1) the quality of the material was maintained at

near optimum level and, (2) the effect of each variable was individually

evaluated in a systematic manner. With this level of quality, the properties

of the castings are very responsive to relatively minor changes of processing

compared to lesser quality castings wherein the effects of the variables are

often masked out.

This investigation provided a direct comparison of the effects of

processing on the tensile properties of three alloys using two different

manufacturing methods. More than 700 tensile tests were conducted to evalu-
ate the effect of process variations. The results of these evaluations were

used to develop procurement specification requirements for airframe structur-

al castings and provide generic manufacturing process control technology to

the foundry industry. This information was also applied to the development
and production of test castings which were evaluated to obtain statistically

based design properties for inclusion in MIL-HDBK-5.

2. MANUFACTURING PROCESS DESCRIPTION AND QUALIFICATION

The foundries involved in this phase of the program were airframe

casting suppliers w -1 oroven caoabilities in the oroduction of aluminum
castings to the :rem um auality reouirements of MIL-A-21180.

N,
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The foundries selected for participation were Hitchock Industries,

Minneapolis, Minnesota, for production of sand composite test plates in all

three alloys; Cercast Inc., Montreal, Canada, for production of shell invest-

ment test plates in alloy A356; and Arwood Corporation, Tilton, New

Hampshire, for production of shell investment test plates in alloys A357 and

A201.

a. Cercast Foundry Procedure for Shell Investment Casting A356-T6

Test Plate

(1) Molding Procedure

"The metal was cast in a hot investment shell. The following

, steps were taken to produce the shell: A metal die (Item I in Figure 2) was

* injected with wax to form the wax pattern (Item 2). The wax pattern was

removed from the die and attached to a wax casting and risering assembly L

* (Item 3). The wax assembly was then coated with two coats of refractory L

* slurry with a colloidal silica binder, followed by five coats of slurry with

an ethyl silicate binder. A shell thickness of 0.2 inch was thus obtained

(Item 4). The coated assembly was then dewaxed in an autoclave using super-

heated steam that quickly removed most of the wax. The shell was then cured

in an oven. This firing also removed any remaining traces of wax.

(2) Melting

Virgin aluminum alloy A356 ingots were melted in a silicon

Scarbide crucible and held at 1350F. Flux was added, and the oxides were

Sskim~med off the surface of the melt. The chemical content was adjusted to

ensure a magnesium content of 0.36 pecent and a titanium content of 0.17

percent. The melt was then degassed with a dry 95/5 nitrogen freon mixture

until gas-free, based on a reduced pressure test at 0.2 inch of mercury.

After the oxides were skimmed off again, a chemical analysis was made to

verify that all elements were within the specified composition limits.

28
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(3) Pouring

The investment shell was heated to 100OF in an oven and then

removed and the metal, heated to 1320F, was poured into the mold. The end A
of the mold opposite to the sprue was raised so that the mold was poured in

slightly tilted position.

(4) Cleaning k!

After the molten metal had solidified and cooled suffi-
ciently so that it could be handled, the shell was vibrated off the casting.
The gates and risers were removed by sawing and then finishing by grinding

(Items 5, 6, and 7 in Figure 2.)

(5) Heat Treatment
The castings were solution heat treated at 100OF + 5F for 18

hours, held at room temperature for 12 to 24 hours, then aged at 310F for 5

"hours.

b. Arwood Foundry Procedure for Shell Investment Casting of A357-T6 and

A201-T7 Test Plates

(1) Molding Procedures (Same for Both Alloys)

The metal mold (Item 1 of Figure 3) was injected with wax to

form the wax pattern of the plate (Item 2). The wax pattern was attached to
the gating and risering system to form a wax assembly (Item 3). Six coatings

of refractory material were applied to the wax pattern assembly to form the
mold (Item 4 of Figure 10). Between each coating, the assembly was submerged

in a water-based colloidal-silica-slurry. The first two coatins were of

fused silica, approximately 300 mesh, and the final four coatings were made
with "Calamo 22" aluminum silicate, a much coarser material than the fused

silica. Chopped fiberglass was added to the Calamo 22. The assembly was

then dewaxed in an autoclave using 100 psi steam. The wax was melted out

quickly to prevent it from expanding and cracking the shell. The shell was

cured at 1200F for 4 hours and then cooled to room temperature.
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' (2) Melting

(a) Alloy A201
The 80-pound melt charge consisted entirely of' ingot,

melted in a 100-pound electric resistance furnace with a silicon carbide

crucible. Grain refinement was accomplished with a 0.8-pound aluminum-titan-

ium-boror, (5 percent Ti - 1 percent B) waffle addition at 1300F melt tempera-
ture. Degassing followed, using 95 percent nitrogen and 5 percent Freon 12.

Acceptance of the gas content was determined by the density of a test piece

Sc metal solidifiel at one-tenth atmospheric pressure, the density sample is
depicted (Item 6 in Figure 3). A sample of metal was taken from the melt

for spectrographic analysis prior to pouring. The chemical sample is shown

(Item 7 in Figure 3).

(b) .Itoy 1,357

A 300-pound charge of ingots and returns (about 50 percent
each) was melted in a silicon-carbide crucibie in an electric resistance

"furnace. Grain refinement wa, accomplished i•ei., a 1,4-pound addition of
aluminum titanium-boron (5% Ti - 1% B) at 1300F. Magnesium (0.05 pound) was

"then added, and the melt degassed with 95 percent nitrogen - 5 percent Freon
12 gas. A density sample, solidified at one-tenth atmospheric pressure,

confirmed the removal of gas from the metal. A sample of metal was taken for
spectrographic analysis prior to pouring.

(3) Pouring
Both alloys A357 and A201 were poured at a metal temperature of

1300F and with a pressure of 3-1/2 psi. Pressure was applied by introducing

argon gas into the covered melting crucible. This forced the metal up the

sprue and into the mold. The mold was placed over the crucible with the

sprue extending down into the molten metal. The pouring weight of each mold
was 3.25 pounds.

L
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(4) Cleaning

The mold was vibrated to remove the major portion of the shell;
then exposed to a jet of high velocity water to clean off the remaining
refractory. The cleaned casting is sh6wn in Item 5 of Figure 3. All gates
and risers were stub cut, using a band saw, and then ground back to final

•I.

dimension.

(5) Heat Treatment

(a) Alloy A201
The solution treatment consisted of 965F for 2 hours,

increased to 990F for 16 hours, and followed by quenching in room temperature
water. The plates were straightened in the as-quenched condition. Following
a 12-hour delay at room temperature, they were aged at 370F for 5 hours.

(b) Alloy A357
The plates were solution heat-treated at 1000F for 12

hours, quenched in room temperature water, held for 12 hours at room tempera-

ture, and aged at 340F for 6 hours.

"c. Hitchcock Foundry Procedure for Sand Composite Casting A357-T6,
A356-T6, and A201-T7 Test Plates

(1) Molding Procedures
All alloys were cast in a cope and drag sand mold. The sand

"was bank sand, AFS 60, with 0.8-percent Pepset used as a binder. The core
boxes used to make the mold haves are shown (Figure 4). The chills that
were added to the mold halves (Figure 5) consisted of one brass chill (13
pounds) placed in the drag; one iron chill, 4 by 3 by 5/8 inch (2 pounds); and
two iron chills, 2 3/4 by 5/8 by 1/2 inches (3 ounces), located in the cope
half of the mold (Figure 6 shows their locations in the mold). Steel wool
and two metal screens were added to the well of the down sprue as shown in
thf. drag mold section (Figure 6). The mold halves were sprayed with a light
coating of Pyroseal,.then pasted and closed. Then metal was poured into the
mold. The plate was then shaken loose from the mold and cleaned of molding
sand. The plate with rigging attached is shown in Figure 7.
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(2) Melting

"All alloys were melted in a 1000-pound electric resistance-fur-

nace using a silicon-carbide crucible. The charges were usually 60-percent

ingot and 40-percent returns. Melts used for test plates were approximately

300 pounds. Typical ingot analyses were:

Elements, % A356 A357 A201

Si icon 7.00 7.20 0.03

Iron 0.10 0.09 0.03

Copper 0.01 0.01 4.40

Magnesium 0.38 0.63 0.24

"Titanium 0.12 0.10 0.21

Manganese 0.34

Si 1 ver 0.50

Beryllium 0.05

Materials used for melt additions were:

1. Beryllium as beryllium-aluminum

2. Magnesium as magnesium ingot

3. Silicon as aluminum silicon ingot (25% Si)

4. Copper as copper shot

5. Manganese as aluminum manganese ingot (10% Mn)

6. Titanium and boron as titanium-boron wire

7. Silver as recovered silver from x-ray film

The melt was degassed by injecting a mixture of 90-percent nitrogen

and 10-percent chlorine gas through a graphite lance into the metal. The

metal was considered degassed when a sample, allowed to solidify under a

vacuum of 2 to 4 inches of mercury,. did not show any gas holes when sectioned

and polished. After the metal was degassed, a spectrographic sample was taken
from the melt and the composition was adjusted. A second gas check was made

and, if satisfactory, the melt was raised to 1375F for pouring. Just prior

to pouring, a final check of melt chemistry was made, and if acceptable, the

melt was poured.
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(3) Pouring
The metal was dipped from the melting crucible and poured at

1375F into the mold at room temperature using a steel ladle coated with
refractory Insulkotz R-20.

(4) Clean Up
After the casting was shaken out of the mold, the gates were

cut off and the casting was identified and rough-ground for heat treatment.

(5) Heat Treatment

All plates were loaded in a vertical position (on the 10-inch
edge) and one inch apart in a basket. The plates were solution-treated in

a gas-fired furnace in the following manner:

1. Alloy A356: 18 hours at 100OF
2. Alloy A357: 18 hours at 1OOF

3. Alloy A201: 2 hours at 975F, 18 hours at 985F

The plates were quenched in 40F water using a 7-to-il-second
maximum quench delay. After a delay at room temperature of 12 to 24 hours,
the plates were artificially aged as shown below:

1. Alloy A356: 8 hours at 310F Li

2. Alloy A357: 8 hours at 325F

3. Alloy A201: 5 hours at 370F

Plates were evaluated for the following:

(a) Brinell Hardness (10mm Ball, 500 kg load)
(b) X-ray Quality

(c) Microstructure
(d) Tensile Strength

d. Foundry Process Qualification
Each foundry submitted test plates to demonstrate the tensile

property capabilities of their processes. The target minimum tensile proper-
ties of the standard plates manufactured by both processes in each alloy were
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as follows:
A357-T6 A356-T6 A201,-T7

Ultimate tensile strength (ksi) min. 50 38 60

Yield strength (ksi) min. 40 28 50

Elongation (%) min. 5 5 3

The tensile properties of the standard test plates are listed in

Tables 1 through 6.

Although with more refined procedures these processes could have

been improved to obtain higher tensile properties, they were considered

acceptable to demonstrate the effects of variables on the casting properties.

TABLE 1. TENSILE PROPERTIES OF A357-T6 SAND COMPOSITE
STANDARD PLATES (3/4 INCH THICK)

Ultimate Tensile
Strength Yield Strength Elongation Hardness

(ksi) (ksi) (%) (HRE)

48.0 39.9 5.0 96

49.5 42.8 4.0(1) 98

49.1 41.5 5.2 96
47.4 40.0 4.8 95

50.3 41.5 7.0 96

48.4 39.9 6.1 96

48.3 41.6 5.1 96

48.6 40.7 5.8 95

49.5 41.9 6.2 96

Range: 47.4/50.3 39.9/42.8 4.8/7.0 95/98

Average: 48.8 41.1 5.6 96

Target Min: 50.0 40.0 5.0

NOTE: 1. Broke outside the middle half of the gage length of the speci-

men.

Comments: DAS range (inch): 0.0009 - 0.0012 (plate surface)
Mg (%): 0.58 - 0.59
Fe (%): 0.08 - 0.12
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TABLE 2. TENSILE PROPERTIES OF A356-T6 SAND COMPOSITE I
STANDARD PLATES (-/4 INCH THICK)

Ultimate Tensile
Strength Yield Strength Elongation Hardness

(ksi) (ksi) (%) (HRE)

"43.9 32.7 8.0 89

42.8 32.5 6,4 88

43.3 32.7 7.4 89

41.3 31.8 5.7 87

42.5 32.4 7.2 87

42.0 31.9 6.5 84

43.3 32.3 7.4 87

42.4 32.4 6.2 89

39.8 32.5 4.3 90

38.1 32.4 4.4 90

"Range: 38.1/43.9 31.8/32.7 4.3/8.0 84/90

Average: 41.9 32.4 6.3 88

Target Min: 38.0 28.0 5.0

Comments: DAS range (inch): 0.0009 - 0.0011 (plate surface)

Mg(%): 0.38

Fe (%) 0.10 - 0.12
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TABLE 3. TENSILE PROPERTIES OF A201-T7 SAND COMPOSITE
STANDARD PLATES (3/4 INCH THICK)

Ultimate Tensile
Strength Yield Strength Elongation Hardness

(ksi) (ksi) (%) (HRE)

62.1 57.4 4.4 77

69.7 59.1 4.1 77

64.7 59.8 5.7 77

63.0 59.0 4.2 79

66.6 62,0 5.4 80

63.6 59.2 4.4 79

65.9 61.5 4.7 77

64.9 60.5 4.9 78

65.5 60.6 4.9 79

64.6 60.8 4.0 71

Range: 62.1/69.7 57.4/62.0 4.0/5.7 71/80

Average: 65.1 60.0 4.8 77

Target Min: 60.0 50.0 3.0

Comments: Grain Size (inch): 0.0020 - 0.0030 (plate surface)

Mg (%): 0.31 - 0.35

Cu (%): 4.63 - 4.65
* Ag (%): 0.53 - 0.56

Si (%): 0.04
Fe (%): 0.01 - 0.05
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TABLE 4. TENSILE PROPERTIES OF A357-T6 SHELL INVEST-
MENT STANDARD PLATES (3/16 INCH THICK)

Ultimate Tensile
Strength Yield Strength Elongation Hardness

"(ksi) (ksl) (%) (HRE)

48.6 40.0 7.4 95
47 2 40.0 4.9 93
48.6 40.0 6.6 94
48.8 40.4 7.0 95
47.1 39.8 5.4 92

47.9 39.8 6.7 93
47.7 40.2 5.1 94

48.6 40.1 4.7 96

49.0 41.8 4.3 96
50.0 40.7 6.5 96

Range: 47.1/50.0 39.8/41.8 4.3/7.4 92/96
Average: 47.3 40.3 5.8 94
Target Min: 50.0 40.0 5.0

Comments: DAS range (inch): 0.0012 - 0.0016 (plate surface)

Mg (%:0.51

Fe (%): 0.10 - 0.13
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TABLE 5. TENSILE PROPERTIES OF A356-T6 SHELL INVEST-
MENT STANDARD PLATES (1/10 INCH THICK)

Ultimate Tensile
Strength Yield Strength Elongation Hardness

(ksi) (ksi) (%) (HRE)

41.7 30.9 8.4 86

40 7 30.4 7.2 86

41.9 32.1 (7.3)(G) 87

40.4 31.7 6.3 86

42.4 33.2 7.3 88

41.8 32.7 7.7 87

42.4 33.6 (8.2)(F) 87

41 5 31.9 6.5 88

42.5 33.9 7.1 92

42.0 32.8 6.0 86

Range: 40.4/42.5 30.4/33.9 6.0/8.4 86/92

Average: 41.7 32.3 7.1 87

Target Min: 38.0 28.0 5.0

(G) - Specimen broke outside the gage length

(F) - Fracture surf, -e of specimen shows a flaw

Comments: DAS range (inch): 0.0018 -0.0025 (plate surface)

Mg (%): 0.36

Fe (%): 0.04
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"TABLE 6. TENSILE PROPERTIES OF A201-T7 SHELL INVEST-
MENT STANDARD PLATES (3/16 INCH THICK) S

Ultimate Tensile Electrical
Strength Yield Strength Elongation Hardness Conductivity

(ksl) (ksi) (7) (HRB) (% IACS)

63.5 56.6 &.8 73 32.7

64.0 56.3 9.8 75 31.8

62.8 55.8 7.9 74 32.5

Range: 62.8/64.0 55.8/56.6 6.8/9.8 73/75 31.8/32.7

Average: 63.4 56.2 8.6 74 32.3

Target Min: 60.0 50.0 3.0

Comments: Grain Size (inch): 0.0027 - 0.0030 (plate surface)
Mg (%): 0.23

Cu (7): 4.37
Ag (7): 0.41

Si (W:) 0.03
Fe (%): 0.01
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3. PLATE TEST PLAN AND INSPECTION PROCEDURE

The types and quantities of the tests used in evaluation of the cast

plates are shown (Tables 7 and 8). The foundries x-rayed each plate to

ensure that a Grade B radiographic quality was obtained and an analysis was

made of each melt to ensure conformance to composition requirements. These

results were forwarded with each shipment of test plates. Upon receipt of

the plater at Northrop, a plate of each group was evaluated for surface DAS

(A356 and A357) or grain size (A201), one plate of each melt was analyzed for

chemical composition, and the foundry radiograph of each plate was reviewed,

Hardness and conductivity measurements were taken prior to excision of the

tensile specimen. If. these evaluations were acceptable, the location of the

tensile specimen was indicated on the plate. After removal of the tensile

specimens, each specimen was x-rayed again to validate the radiographic

quality as Grade B or better in accordance with MIL-C-6021 specification

requirements. If acceptable, the specimen was tested.

Each group of plates contained at least three plates processed in the

same manner as the original standard reference plates. These plates were

used as baseline properties for the group.
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SECTION VII

EvALUJAiON OF TEST PLATES

In this task, cast plates waere produced to demonstrate the effects of

manufacturing process variables on casting tensile properties.

The effects were determined for alloys A357-T6, A356-T6, and A201-T7 pro-

duced by both the shell investment and the sand composite processes. The

purpose of this effort was to determine their relative importance in the pro-

duction of aircraft structural quality castings. This information is needed

to support the development of procurement specification requirements that will
provide the user with a means of determining castings of an acceptable quality

with a high degree of reliability, and to provide a technological base for the

foundry metallurgist to use in the evaluation and development of production

techniques for structural airframe (:ast configurations.

Although these va~riables were evaluated in previous investigations, they

were not subjected to the systemati'ý evaluation that they were in this study

which involved materials of near-optimum quality produced in commercial found-
ries. The results of each variable are shown on a graph for easy evaluation.

Each primary variable was divided into several secondary variables. These

were independently varied so that their effects on tensile properties could be
demonstrated. Each variable of each alloy and each molding method was repre-

sented in triplicate plates. The plates were approximately three incihes wide
and ten inches long. Thickness of the plates varied by process and foundry.

All sand composite plates of each alloy were 3/4-inch thick; shell investment

A357 and A201 plates were approximately 3/16-inch thick; and the A356 shell

investment plates were approximately 1/10-inch thick. The thickness was se-

lected by the foundries at their discretion to provide consistent high

* quality.
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The primary and secondary variables were:

Primary Variable Secondary Variable

Composition

A357 Alloy Magnesium content

Iron content

A356 Alloy Magnesium content

Iron content

A201 Alloy Silicon content

Iron content

"Magnesium content

Copper content

Silver content
Heat Treatment

All Alloys Solution time

"Quench water temperature

Delay time at room temperature

Artificial aging time
Solidification Rate

A356 and A357 Alloys DAS

A201 Alloy Grain size

Radiographic Quality

All Alloys Grade A-D Gas porosity
Shrinkage sponge

Dross

All the plates were cast using production equipment. This did not permit

laboratory control of each situation. Although it was desirable to minimize

variations within each group of "standard" conditions, so only one condition

of the process varied, this was accomplished with varying degrees of success.

Some abnormalities are evident in the results.
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1. ALLOY A357 SAND COMPOSITE AND SHELL INVESTMENT PLATES

a. Composition

The melt composition was varied by changing the magnesium, iron, and

beryllium content. Magnesium combines with silicon to form Mg2 Si, which

precipitates during artificial aging to strengthen the alloy. Iron is an

impurity that combines with aluminum and silicon to form needles of FeSiAI 5 ,

which embrittles the structure and therefore is undesirable. Beryllium has

been reported to provide two beneficial effects: It preferentially oxidizes

before the magnesium to form BeO, thereby reducing the loss of magnesium from

the melt, and it also modifies the shape of the FeSiAl 5 needles to the

nodular form BeFeSiAl5, reducing the embrittling effect. Beryllium-iron

combinations were investigated to determine if beryllium would increase the

ductility of alloys with high iron content. The melt composition was varied

in the following manner:

MIL-A-21180 Melt Composition

Specd fi cat ion (%)
Requirement Target Sand Shell

(%) Values Composite Investment

0.40/0.70 0.40 0.41 0.40

Magnesium 0.50 0.52 0.4910.60 0.57 0.60

0.70 0.70 0.70

0.20 Iron 0.05 Not obtained Not obtained

Maximum 0.10 0.10 0.08

0.15 Not obtained 0.15

0.20 0.17 Not obtained

0.04/0.07 0.05Be+O.10Fe 0.02Be+O.10Fe O.06Be+0.O8Fe

Beryllium 0.05Be+0.20Fe 0.02Be+0.24Fe 0.06Be+0.15Fe

0. 25Be+O. lOFe 0.09Re+0. 10Fe 0.22Be+0.08Fe

0.25Be+0.2OFe 0.09Be+0. 18Fe 0.22Be+0.17Fe
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(1) Magnesium

The strength of shell investment molded plates was significantly

improved with increased magnesium content. Ductility of both sand composite

and shell investment molded plates was significantly reduced with increased

magnesium content. Most results of other investigations agreed with these

findings. (References 1, 2, and 3). The results of the sand composite molded

plates with 0.58 and 0.70 percent of magnesium, are questionable. The more

likely trend is represented in the shell investment plate information (Compare
Figures 8 and 9).

(2) Iron

It has been reported that an increase of iron content reduces

ductility. (References 1, 3, 4, and 5). This investigation verified the ef-

fect of iron on the sand composite molded plates, however, the ductility of

the shell investment plates did not change with increased iron content. Pos-

sibly this was due to the lower levels of ductility in the investment cast

material. The strength of plates produced by both sand composite and shell
investment mold methods was not significantly affected by increasing the iron

content (Figures 10 and 11).

(3) Beryllium

The benefit of beryllium to the alloy was not evident in this

investigation. Various additions of beryllium to melts of low to high iron

content (within the specification range) did not result in a significant im-

provement in tensile properties of plates produced by either the sand compos-

ite or shell investment molding method (Figures 12 and 13). The beneficial
effect of beryllium that has been reported, presumably have occurred in a

material with a coarser microstructure. (References 4 and 6).
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b. Heat Treatment

The following heat treatment process variables were included in

this investigation:

1. Solution time
2. Quench water temperature

3. Delay time at room temperature

4. Artificial aging time.

The effects of each variable on the tensile properties of the plates
produced by the sand composite and shell investment processes were determined
and plotted to show trends. The differencris in thickness of the sand compos-

ite plates (3/4 inch) and the shell investment plates (3/16 inch) in some
instances, may have affected the results. The following heat treatment pro-

cess was defined as standard for A357-T6 standard plates produced by each
molding procedure:

Sand Composite Shell Investment
Process Variable Process Process

Solution treatment 1010F, 18 hours I000F, 12 hours

Quenchant Water at 40F Water at room
temperature

Delay at room 12 to 24 hours 12 hours
temperature

Artificial aging 325F, 6 hours 340F, 8 hours

(1) Solution Treatment Time

The solution times of six, twelve, and eighteen hours were evalu-

ated. All plates were subsequently processed in accordance with the standard
procedure to the T6 condition and tested. The results (Figures 14 and 15)
indicate that a solution treatment time longer than six hours had very little
effect on tensile properties. The ductility of the 3/4-inch thick sand com-
posite molded plates improved, but the ductility of the 3/16-inch thick shell
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~I__

"investment plates was slightly reduced. With a longer than six hours solution

time, the strength values showed only a minor change.

(2) Quench Water Temperature

Quench water temperatures within the range of 40F to 212F were

included in this investigation (Figures 16 and 17). All tensile proper-

ties were significantly reduced as the temperature of the water increased.

The tensile properties of plates produced by the sand composite molding pro-

cess and those produced by the shell investment molded process, showed similar

effects. The properties of the thicker 3/4-inch sand composite plates were

* more severely reduced by quench water temperatures than the thinner 3/16-inch

shell investment plates.

(3) Delay Period at Room Temperature

"Delay periods of zero, one-half, one, and three days were includ-

* ed in the investigation. The only significant change in tensile properties

occurred with the sand composite molded castings. The ductility was increased

after a delay of one day. (Figures 18 and 19).

(4) Artificial Aging Time

"* Artificial aging times of zero, four, six, eight, and ten hours,

were included in this investigation. Similar effects on tensile properties

were found in the sand composite and shell investment plates. Both showed

increased tensile strength and decreased ductility with longer aging times

(Figures 20 and 21). The artificial age-hardening process is well known for

" precipitation hardening alloys. The hump in the elongation curve has already

' been reported (Reference 9) but the causes of this phenomenon have not been

explained.
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c. Solidification Rate (as measured by DAS)

The effects of DAS on tensile properties has been well documented

since it was reported by Spear and Gardner in the early 1960s (References 7,

8, 9, and 10). The changes in microstructure, resulting from various amounts

of chilling used in the sand composite molds and mold temperature of the in-

vestment shells, correspond in a parallel manner. More chilling and lower
mold temperatures produce a more refined structure and improved tensile

properties, but less chilling and higher mold temperatures produce coarser

structures and lower tensile properties (Figures 22, 23, 24 and 25).

d. Radiographic Quality

Two levels of radiographic quality were used in this investigation.

The highest quality level was equal to, or better than, a Grade B per MIL-C-

6021 (Figure 26). This quality represents the highest quality available for

production castings and is usually required in high stress areas of premium

quality castings. The lower quality investigated was a Grade C or D in
accordance with MIL-C-6021 Grade definition. The types of radiographic

defects evaluated were:

1. Dross (less dense material)
2. Shrinkage sponge

3. Porosity.

These types of defects are the most prevalent causes of radiographic
rejection of MIL-A-21180 aircraft castings. The quality levels of each type

of defect in each alloy was not reproduced in plates from each molding pro-

cess. Radiographs of each plate depicted areas of unsoundness. Tensile spe-
cimens were obtained from these areas. Occasionally, after machining the spe-
cimen from the plates, the apparent radiographic quality was found to have

changed, to a higher grade, and could not be used (Figure 27). The tensile

properties of specimens, representing the two general levels of radiographic

quality, were plotted by type of defect, alloy, and molding method (Figures 28
and 29). Each time the quality level decreased, the ultimate strength and
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ductility decreased accordingly. The yield strength was not significantly af-

fected.

2. ALLOY A356 SAND COMPOSITE AND SHELL INVESTMENT PLATES

a. Composition

Iron and magnesium contents of the melt were varied so their effect on

the tensile properties of alloy A356 in the T6 heat treated condition could be

determined. Magnesium is important because it acts as a strengthener; the

precipitate of Mg2 Si hardens the alloy during artificial aging to the T6 con-

dition. Iron embrittles the alloy due to the formation of an intermetallic

compound of FeSiAl 5 which is insoluble and appears as a needle-like compound (.

in the microstructure. The variations in melt composition were as follows:

MIL-A-21180 Melt Composition
Specification Target ()

Requirement Values Sand Shell
(W (%) Composite Investment

0.20/0.40 0.20 0.20 0.22
Magnesium 0.30 0.27 Not obtained

0.35 0.33 0.32

0.40 0.40 0.39
0.20 Iron 0.05 0.08 0.06

Maximum 0.10 0.13 0.10

0.15 Not obtained 0.12

0.20 0.18 0.16

78



(1) Magnesium

The results (Figures 30 and 31) indicated a very significant in-

rease in tensile strength and corresponding decrease in ductility when amounts

of magnesium were increased. The results were identical for material cast by

the sand composite and shell investment molding methods. Higher elongation

values were evident in the sand composite molded cast plates.

(2) Iron

The effects of variations in amounts of iron (Figures 32, 33 and

34) indicated no significant effect on tensile strength, although ductility

was reduced significantly in the shell investment molded plates. Ductility of

the sand composite plates was not significantly reduced probably due to the

smaller size of the iron compound in the sand composite plates.

b. Heat Treatment

To determine the significance of the heat treatment process varia-

tions, plates produced by the sand composite and shell investment methods were

evaluated. They were heat treated with independent variations of the follow-

ing:

1. Solution time

2. Quench water temperature

3. Delay time at room temperature

4. Artificial aging time.

The effects of each of the variables on the tensile properties of the

plates were plotted on a graph to reveal trends.
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The following heat treatment processes were defined as standard for

plates produced by each molding procedure:

Process Variable Sand Composite Process Shell Investment Process

Solution O00OF O00FF
temperature

Solution time 18 hours 18 hours ,

Quenchant Water at 40F 25% glycol-water
"at room temperature

Delay at room 12 to 24 hours 12 to 24 hours
temperature

Artificial aging 310F, 8 hours 310F, 5 hours

(1) Solution Treatment Time

The solution times investigated were periods of six, twelve, and

eighteen hours with the sani composite and four, eight and eighteen hours with
the shell investment castings at 100OF (Figures 35 and 36). Increased solu-

tion times only produced a minor beneficial effect on the ultimate strength

and ductility of sand composite molded (3/4-inch thick) and shell investment
molded (1/10-inch thick) plates. Increasing the solution pe,-iod resulted in a

spheroidizing effect on the silicon particles (Figure 37).

(2) Quench Water Temperature

The effect of quench water temperatures of 40, 100, 160, and 212F

was evaluated. Quench water temperature was found to have had very little
effect on the 1/10-inch thick shell investment molded plates (Figure 38). All
tensile properties on sand composite plates were decreased by increasing water
temperature (Figure 39). The differences, of the sand composite molded and

shell investment molded plates, were presumed to be related to the plate
thickness. Improvement in tensile properties of 3/4-inch thick plates occurred
with the use of colder quench water. No significant improvement in ductility
was found.
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(3) Delay Period at Room Temperature

The effect of aging delay was investigated for periods of zero,
one-half, one, and three days between the quench and the start of artificial

aging (Figures 40 and 41). The tensile properties of shell investment molded

plates were not significantly affected by the aging delay period. However,

after a delay period of one-half day, the yield strength of the sand composite
molded plates showed a significant decrease, while the ductility increased

significantly. The change in yield strength and ductility during the first
day of age delay can not be explained and needs further investigation. Duc-

tility improvements, after a 24-hour room temperature delay period following

the quench, have been reported for T6 material (Reference 11).

(4) Artificial Aging Time

The effect of artificial aging time at 310F was investigated.

Sand composite plates were aged for zero, four, six, eight, and ten hours,

while shell investment plates were aged for six, eight, ten, twelve, and four-

teen hours. The results (Figures 42 and 43) clearly indicated the importance

of aging time. As the aging time increased, the strength increased, while
ductility was reduced. These trends are well known for precipitation harden-

ing alloy such as A356.

c. Solidification Rate

Variations of DAS resulted from changes in the solidification rate.
The DAS of the sand composite plate was changed with the extent of chill ma-

terial added to the mold (Figure 44). The DAS of the shell investment molded

plates was changed by varying the mold temperature and plate thickness (Fig-
ures 45 and 46). The tensile properties decreased with an increase in DAS.
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By varying the shell investment plate thicknesses, various solidifica-
tion rates were produced that caused changes in the microstructure (Figure
47).

d. Radiographic r .illty k

Radiographic quality was varied in this investigation to represent two
levels. The higher level of quality was equal to, or better than, a Grade B
per MIL-C-6021. This represents the highest quality available for production
castings and is usually required in high-stress areas of premium quality cast-
ings. The lower levels of qualities investigated were Grades C and D per MIL-
C-6021. The types of radiographic defects evaluated werE:

1. Dross (less dense material)

2. Shrinkage sponge

3. Porosity.

These defects are the most prevalent causes for rejection of MIL-A-
21180 aircraft castings. All types of defects in each alloy were not produced
in plates cast frorn each molding process. The tensile properties of specimens
representing the two levels of radiographic quality are shown in Figures 48,
49, 50, and 51. In each instance, when the quality level changed from Grade B
or, better, to Grade C or D, the ultimate strength and ductility decreased
significantly. The yield strength was not significantly affected.

3. ALLOY A201 SAND COMPOSITE AND SHELL INVESTMENT PLATES

a. Composition

The chemical elements of A201: copper, silver, and magnesium, contri-
bute to its strength. These three elements form precipitates during aging to
"strengthen the alloy. Iron is an impurity that forms an insoluble compound
that reduces the ductility of the alloy. Silicon is also an impurity, that
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FIGURE 47. EFFECT OF PLATE THICKNESS ON THE MICROSTRUCTURE
OF SHELL IN VESTMENT CAST A356-T6
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possibly forms an eutectic compound which is vulnerable to incipient melting
during heat treatment. The composition variations were:

MIL-A-21180 Melt Composition
Specification Target (%)
Requirement Values Sand Shell

S(%)% Composite Investment

0.15-0.35 0.15 0.07 0.16
Magnesium 0.25 Not obtained 0.26

0.30 0.29 0.29

0.35 0.35 0.35 V
4.0-5.0 4.4 4.1 4.1

Copper 4.6 4.4 4.7

4.8 4.5 4.8

5.0 5.0 5.0

0.4-1.0 0.4 0.4 0.4

Silver 0.6 0.6 0.6 K

0.8 0.8 0.8

1.0 1.0 1.0

0.10 0.06 0.04 0.06 L=
Maximum 0.10 0.10 0.09

Iron 0.15 0.16 0.15

0.20 Not obtained 0.20 L

0.05 0.05 0.05 0.05 K
Maximum 0.10 0.09 0.09

Silicon 0.15 0.11 0.14

"0.20 Not obtained 0.20
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(1) Magnesium

The affect of magnesium on the tensile properties of plates cast

by both molding procedures was similar with the exception of the investment

cast plates with 0.16% magnesium content. Increasing the magnesium content

resulted in an increase of strength but a decrease of ductility as shown in

"Figures 52 and 53.

"(2) Copper

Increased copper content resulted in significant increases in

strength and ductility of sand composite molded plates (Figure 54). It was

unusual that the ductility varied in the same manner as the strength proper-

ties. More evaluation is needed to clarify this effect. The tensile strength

and ductility of shell investment molded plates varied only slightly with in-

creasing copper contents (Figure 55).

(3) Silver

Silver had a very significant influence on the tensile prope'r-

ties. In general, higher contents increased the strength and decreased the

ductility for both sand composite and shell investment molded plates (Figures

56 and 57). The ultimate and yield strengths of the sand composite molded
plates reached a maximum at 0.6 percent and then remained constant with fur-

ther increases of silver. The strength of the shell investment molded plates

continued to increase after a slight inflection, between 0.4 and 0.6 percent

silver. A content of 0.6 percent has previously been reported as nearly opti-

mum for strength properties in the T6 heat treat condition (Reference 12).

* *
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"(4) Iron

Increasing iron contents reduced the ultimate and yield

strengths of investment process plates but had little effect on the ductility

which varied from 7 to 4 percent. However, the higher ductility of the sand

composite molded plates was reduced from-Il percent to 5 percent with increas-
ing iron contents. The ultimate and yield strengths of sand composite molded

plates did not vary significantly with changing Iron contents. These results

are shown in Figures 58 and 59. The effect of high iron content to form a

needlelike constituent in the microstructure is shown in Figure 60.

"(5) Silicon

The effect of silicon is shown in Figures 61 and 62. Strength
of the sand composite and investment molded plates was improved with an

increase of silicon from 0.05 to 0.11 percent but, ductility was signifi-
cantly reduced. High silicon content is reported to lower the nonequilibrium

eutectic temperature of the alloy. This makes the alloy more vulnerable to
incipient melting during solution heat treatment. It has been suggested that
"the silicon eutectic is a quarternary compound of Al-Cu-Mg-Si which melts at

about 930F (Reference 13).

b. Heat Treatment

The heat treat process variables evaluated were:

1. Solution time

2. Quench water temperature

3. Age delay period
4. Artificial aging time.

Tensile specimens were excised from sand composite and shell Invest-
ment plates which represented each of the variables. The results were
plotted to determine the significance of each variable on the tensile

properties of the alloy.
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(1) Solution Time

In this investigation the solution time periods at 985F were six,

twelve, and eighteen hours. The effect of this variation on the tensile prop-

erties resulted in minor improvements in ductility with the longer solution

times (Figures 63 and 64).

(2) Quench Water Temperature

The quench water temperatures investigated varied from 40 to

212F. Increasing the quench water temperature resulted in a minor loss of

properties (Figures 65 and 66). Although the effect on resistance to stress

corrosion cracking was not determined, there is evidence that slower quench

rates may relate to less stress corrosion cracking resistance.

(3) Delay Period at Ambient Room Temperature

The age delay periods investigated were zero, one-half, one,

three, and five days (Figures 67 and 68). After a one-day delay, the strength

and ductility of the sand composite molded plate showed significant improve-

ment. Apparently the shell investment plate properties were not significantly

affected by the delay period, but the small amount of data made this difficult

to evaluate. No benefit was found after delay periods of one-half, one,

three, and six days, followed by artificial aging to the TV condition (Refer-

ence 14).

(4) Artificial Aging Time

In this investigation, artificial aging times of zero, three,

five, and seven hours at an aging temperature of 370F were used (Figures 69

and 70). Artifical aging increased the tensile strength and decreased the

ductility significantly. Overaging started after five hours causing the
tensile strengths to decrease.
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c. Grain Size

Grain size was varied by changing the solidification rate and the pro-

cedu-e for adding grain refiner to the melt. In the sand composite molding

process, changes in grain size were made by varying the amount of metal chill

included in the mold (Figure 71). Grain size variations in the shell invest-

ment molds were controlled by the temperature of the shell. For comparison,

"the grain size of A201 plates was also varied by changes in the grain refining

melt procedure (Figures 72 and 73).

Smaller grains produced significant improvement in ultimate strength

and ductility of shell investment cast plates. This was most evident between

0.0020-and 0.0030-inch grain size although the data was widely scattered (Fig-

ureý 74 and 75). Changes in grain size between 0.0030 to 0.0060 inches did

not significantly affect the tensile properties. The ductility and ultimate
strength of the sand composite plates were also significantly reduced when the

grain size was increased from 0.0020 to 0.0030 inches. The yield strength was

not affected.

d. Radiographic Quality

Two levels of radiographic quality was evaluated. The highest quality

level was eq;jal to, or better than, a Grade 9 per MIL-C-6021. This represent-

ed the highest quality available for production castings and is usually re-

quired in high-stress areas of premium quality castings. The lower qualities
investigated were Grades C and D in accordance with MIL-C-6021 grade defini-

tion. The types of radiographic defects evaluated ,were:

1. Dross (less dense material)

2. Shrinkage sponge.

The tensile properties of specimens representing the two general le-

vels of radiographic quality are shown in Figures 76 and 77. Ge-crally, when

the qiiality level was reduced the ultimate strength and ductility decreased

siqnificantly, although the yield strength was also reduced when the dross

content of the sand composite plates was increased.
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FIGURE 71. EFFECT OF CHILLS ON THE GRAIN SIZE OF
SAND CAST A201-T7
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FIGURE 72. EFFECT OF TITANIUM-BORON GRAIN REFINER ADDITION ON
THE GRAIN SIZE OF SAND COMPOSITE CAST A201-T7
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FIGURE 73. EFFECT OF GRAIN REFINER PROCEDURE ON THE GRAIN SIZE
OF SHELL INVESTMENT CAST A201-T7
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"4. EFFECT OF PROCESS VARIABLES ON ELECTRICAL CONDUCTIVITY AND HARDNESS

Electrical conductivity, as measured in terms of percent International An-

nealed Copper Standard (percent IACS), and Rockwell hardness tests, were made

on each sand composite and shell investment .plate or tensile specimen excised

from the plate. The results from the heat treatment investigations have been

plotted on graphs to help interpret their s-ignificance (Figures 78 through

83). As shown in these figures, both electrical conductivity and hardness ap-

pear to show a general correlation only with artificial aging times, irrespec-

tive of the casting method. Conductivity has be.en .recognized as an indicator

of the general heat treatment condition of A201 alloy. This trend appears to

also hold true for A357 'al'loy.

711
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SECTION VIII

OPTIMIZAVION OF FOUNDRY PROCESSES AND DOCUMENTATION

1. OPTIMIZATION OF FOUNDRY PROCESS CONTROLS

An evaluation of processing variables indicated that the following varia-

bles require close foundry control to obtain consistently high tensile proper-

ties.

a. Melt Composition

Variations in alloy content show corresponding changes in tensile
properties; therefore, control of alloy composition is an important factor in

processing. The effect of minor variations in composition can be compensated
by modifying heat treatment procedures; however, production schedulus are best

met when such composition variation is minimized so that castings of several

melts can be heat treated in a single lot.

b. Melt Gas Content

Because of the affinity of molten aluminum to hydrogen, the melting

procedure requires close control of the hydrogen content in the melt to pre-
vent formation of gas porosity during solidification of the casting. Various
types of equipment are used to monitor the hydrogen content of the melt. The

procedure must be defined and followed for uniform results.

c. Melt Temperature

A sequence of events related to the melt temperature occurs chronolog-

ically in the melting process; therefore, it is necessary that melt tempera-
ture be controlled during melt preparation and at the time of pour. Melt

temperature must be controlled to produce consistently high quality castings.
Pouring temperature of the melt has a significant effect on the solidified

structure of the casting, and therefore, to ensure consistent casting sound-
ness and quality, the pouring temperature must be carefully controlled to

143



So.l

within a few degrees.

d. Molding Materials and Assembly

:4 A sand composite mold is required. This is an assembly of materials

within a sand mold which is engineered to obtain the direction and rate of

solidification required to optimize the quality of casting. If the type,

size or location of the material in the sand mold is changed, the desired

effect on casting quality and properties may noý: be obtained.

e. Gating and Risering System

To obtain the desired casting quality, the gating and risering

"system is designed as an integral part of the molding and pouring processes.

. The gating system transfers the molten metal where it is needed with minimum

loss of temperature and minimum turbulence. Risers maintain a reservoir of

molten metal to fill voids that occur because of volumetric shrinkage.

Close control of mold assembly, pouring temperature, gating, and risering is

necessary for consistent results. Thus, permanent gating and risering

"systems must be rigged on the casting pattern before production is initiated.

f. Heat Treatment

Good heat treatment procedures must be rigorously followed to take

maximum advantage of the capability of the material. Procedures are neces-

sary to define each step of the heat treatment, particularly the times,

temperatures, load density, quenching procedure, and, in some instances, the• iaging delay time. Although these process variables must be controlled, the

procedures will vary for any particular configuration depending on the

specific equipment and skills of each foundry. It is important that the

foundry document these procedures for each casting design.
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2. OPTIMIZATION OF NDI TECHNIQUES

To detetmine the acceptability of optimum quality material by NDI tech-
niques, various metallurgical features of the material that have a signifi-

cant influence on the tensile propertie- were evaluated. Such features of
A357 and A201 cast materials are radiographic quality, dendritic arm spacing
(A357 only), and heat treatment response. The NDI methods for evaluating

these characteristics are as follows:

Material Property Inspection Test
Variable Affected Method Procedure

Internal soundness UTS, e Radiographic inspection MIL-STD-00453
Proposed AMS
specification

Dendritic Arm Spacing UTS, e Relationship of DAS/UFS Proposed DAS
(A357) established by testing specification

attached coupons Proposed mater-
ial specifica-
tion

Heat treat aging UTS, YS, Tensile test of attached ASTM E8
response e coupon Proposed mater-

ial specifica-
ti on

a. Internal Soundness

Existing radiographic procedures used to evaluate the internal
soundness of a casting are described in MIL-STD-00453. The radiographic
acceptance criteria are defined by several grades of quality A,B,C, and D in
MIL-C-6021. Grade B is the minimum quality grade used for high stress areas

* of castings in critical applications.

It was demonstrated that tensile properties are severely reduced when
Sthe test material included areas less than Grade B quality. As the thickness

- of the material increases, the capability of the radiographic process to
evaluate the material decreases. To control the flaw size within the materi-

al , a thickness limit of the material must be imposed or the radiographic
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procedure changed to obtain a higher sensitivity to detect flaws. Therefore,
before a test casting configuration could be finalized, it was necessary to

=_ determine the maximum casting thickness which could be inspected for a

"* Grade B radiographic quality.

In this program, both the thickness limit and radiographic procedure

approaches were explored. The maximum thickness was judged to be just less

"than the transition thickness where Grade C quality appeared to change to
* grade B. The procedure used to determine the maximum material thickness is I.

.: described in detail in Appendix C, along with the radiographic technique.

The maximum thickness was determined by using cast plates of flawed material

containing either gas porosity, sponge shrinkage, or dross that was judged
. by three NOI Level III inspectors to be of Grade C quality. The flawed

material was placed within a stack of defect-free wrought plates to represent
- various thicknesses. Radiographs were taken in various increments of thick-
- ness until the quality of the flawed material in the stack appeared to change

from a Grade C to a Grade B quality. The transition thickness varied,
. depending upon the type of flaw and the radiographic procedure used,

Three procedures were investigated to optimize the capability of the
* process. The first procedure was considered the standard process that would

- normally be used when MIL-STD-00453 is required. The second procedure

differed primarily in the addition of a beryllium window to filter out
- low-frequency X-rays and thereby intensify the X-ray beam. In the third

, procedure, the exposure time was increased from 45 to 180 seconds. The

results were as follows:

Procedure Transition Thickness (inch)

Porosity Shrinkage Dross

Standard (std) 0.460 0.380 0.460
Std + Beryllium window 0.740 0.830 0.640

Std + 4x exposure 0.640 0.640 0.640
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Since the transition thickness represented the thickness of material in which

an apparent change to the higher quality level of Grade B was first noted,

the maximum thickness in which the true quality was accurately visible was

the prior thickness of the stacked plates. This thickness was as follows:

Procedure Maximum Acceptable Thickness (inch)

Porosity Shrinkage Dross

Std 0.380 0.300 0.380

Std + Be window 0.640 0.740 0.540

Std + 4 x exposure 0.540 0.640 0.540

These results indicate that material tip to at least 0.540 inch thick can be
accurately inspected by using either a beryllium window or 4x normal exposure
time. Since the desired sensitivity can be obtained in various ways, the

following requirements added to MIL-STD-00453 will provide the required

capability:

1. Type I film

2. Maximum unsharpness value

of 0.003 inch (0.08 mm)

3. Flaw sensitivity of 1 percent

of the material thickness (l-2T).

b. NDI Method of Evaluating Microstructure Refinement (DAS)

The effect of microstructure refinement due to increased solidifica-

tion rate is very important in obtaining optimum tensile properties of A357
alloy. As demonstrated in previous phases of the program, the more refined
the structure, the smaller the DAS and the higher the tensile properties.

However, the effect of the structure on tensile properties is relative, not

absolute. Therefore, to evaluate the acceptability of the microstructure, a
tensile property and DAS relationship must be established.
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In this program, the acceptance limit for DAS of the microstructure

of each casting was determined by evaluating two coupons attached to each

casting. One coupon was heavily chilled and another was lightly chilled to I L

provide a difference in the DAS structure of at least 0.0010 inch. The DAS

value was determined on the surface of each coupon in accordance with the

proposed specification included in Appendix H. If required, further accep-

tance determinations were obtained from a metallographic specimen excised

from the tensile specimen that were taken from the attached coupons.

After the tensile properties of the attached coupon were determined,

the DAS/UTS relationship was established and the maximum acceptable size DAS

of the casting was determined for the minimum UTS required. The maximum

acceptable DAS may be determined either by graphing the coupon results or by

calculation. These procedures are included in the Appendix H. After the

maximum DAS size was determined, random spot checks for DAS on the castings

were used to determine acceptability. For uniformity, specific DAS test

sites were chosen for production acceptance of test castings evaluated in the

previous phase of the program.

Another approach to the evaluation was to use the relationship

of DAS/UTS found in the qualification test castings. This relationship could

be used to approximate a maximum DAS for all production castings. However,

this approach is not believed to be as accurate as the approach described

above, since variations in heat treatment may occur which will affect the

DAS/UTS relationship. The value of establishing the DAS/UTS for each casting

is that the effect of subtle variations in processing that occur from casting

to casting are compensated for in the DAS/UTS relationship.

c. NDI Evaluation of Heat Treatment Aging Response

(1) A357 Alloy

The heat treat response can be evaluated for casting accept-

ability by determining the properties of a tensile specimen excised from

a coupon attached to the casting. As demonstrated in Phase IB, variations in
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heat treatment processing for solution treatment, quenching, or artificial
aging, will affect the tensile properties of the material in its final aged

condition. The yield strength of the material is more sensitive to heat
treatment processing variables than is elongation or ultimate tensile strength.
Soundness and microstructure coarseness do not significantly affect yield

strength but do not affect ultimate strength and elongation. For this reason,
an acceptable range of yield strength was selected to represent properly heat
treated material. In addition to the yield strength range, a minimum ultimate

strength equal to that required of the casting was required to be exhibited by
the tensile specimen excised from the attached coupon. Properly processed
material should exhibit a capability in the attached coupon to meet minimum

ultimate strength values for the range of yield strength values established

for heat treatment control. Hardness testing of A357 was also used to confirm

that the material was aged to the T6 condition.

(2) A201 Alloy

The tensile properties of an attached coupon can be used to eval-
uate the heat treat response in a similar manner as A357 alloy except that (1)

a yield strength range is not applicable and (2) a minimum elongation value is
necessary. Since the aging procedure is defined in the specification to as-
sure a T7 condition, only a minimum yield strength value is necessary to
verify that the proper age was used. Hardness and electrical conductivity are
also NDI tests which can be applied to provide assurance that the material was
aged to the T7 condition. The minimum elongation value provides assurance

that the grain refining procedures were adequate. A minimum ultimate strength
requirement of the attached coupon confirms that the alloy content was suffi-

cient to develop the necessary strength when properly heat treated. For these

reasons, a minimum ultimate strength, yield strength, and elongation valued

for the attached coupon are necessary.
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3. PROPOSED MATERIALS PROCUREMENT SPECIFICATION

Preliminary specifications were updated to include the proposed NDI

methods and foundry control factors. The primary differences between the

proposed and the existing specification requirements of MIL-A-21180 are

as follows.

a. Composition

The proposed specifications limit the alloy content to the high end

of the composition range to assure high strength values. The alloy content

differs from the military specification in the following manner:

MIL-A-21180 Proposed

A357 Alloy

Magnesium 0.40 to 0.70 0.55 - 0.65

A201 Alloy

Copper 4.00 to 5.00 4.50 - 5.00

Magnesium 0.15 to 0.35 0.25 - 0.35
Silver 0.40 to 1.00 0.50 - 1.00

b. Integrally Attached Coupons

The proposed specifications include the use of integrally attached

coupons for heat treatment control and for establishing the DAS/UTS relation-
ship In A357. Although the coupons do not necessarily represent the sound-

ness or microstructure of the casting, the yield strength property of the

coupons is representative of the casting. The DAS/UTS relationship of A357
castings, as determined from the integral coupons, is useful in verifying the
solidification rate effect throughout the casting. The ultimate strength

property of the coupon confirms that the alloy composition when properly heat

treated has the necessary strength capability, and the elongation property of
the attached A201 coupon confirms proper grain refinement in the material.
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c. Radiographic Quality

The sensitivity required in MIL-A-21180 for determining unacceptable

flaws is two percent of material thickness. The proposed specifications

require a technique that will provide a sensitivity of one percent of the ma-

terial thickness, a maximum limit of unsoundness not to exceed Grade B in des-

ignated areas using Type 1 film, and a maximum geometric unsharpness factor of

0.003 inch.

d. Penetrant Inspection for Surface Quality

For clarification purposes, a rejection criterion is included in the

proposed specifications that will disallow any individual pore that is less

than twice its maximum dimension to an edge or extremity of the casting or

where the pores form a linear indication; that is, three or more pores in a

line and the distance between each indication less than twice the maximum di-

mension of either adjacent indication.

Also, any indication that is five times longer than its width is considered a

linear indication and therefore is rejectable.

The proposed specifications include a general statement similar to MIL-A- S.

21180, which states that linear indications, cracks, cold shuts, and seams are-

causes for rejection.

e. Casting Identification .

In the proposed specifications, each casting is required to be identi-
fied by a raised serial number, whereas MIL-A-21180 requires a raised heat •
number which may be the same for all castings poured over an eight-hour

period.
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SECTION IX 4

CASTING PROPERTY EVALUATION

1. INTRODUCTION

in this section, the following four tasks are reported:

1. Qualification Testing: Four foundries were selected to produce test

castings for the determination of design property information for

A357-T6 and A2Ol-T7 sand composite molded castings. Preproduction

sample castings were evaluated to determine the capability of the .

castings to meet target tensile properties.

2. Production and Acceptance Testing: Production castings from a

mininmum of five melts and two heat treatment lots from each foundry

were inspected for acceptance using NDI procedure.q and criteria.

All test results are presented in detail in this section.

3. Property Test Program: A testing program was devised to obtain

sufficient specimens for MIL-HDBK-5 property analysis of each alloy,

as well as damage tolerance and fatigue information from test

castings. A limited amount of testing was included to determine

the effect of weld improvement and radiographic unsoundness on
casting properties.

4. Design Property Allowable Determination: The MIL-HDBK-5 analysis

procedure was used for determining design properties. Battelle

Columbus Laboratories performed the data analysis.

a. Selection of Foundries

Four foundries were selected for the production of test castings

needed for design property determination. The four foundries selected repre-

sented small and large foundries that have previously used both alloys and the

sand composite molding process to produce premium quality castings for mili-

tary aerospace weapon systems. The selected foundries were:
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Alloy A357 casting suppliers:

1. Magnesium Alloy Products Company
Gardena, California
Gerpreet Jaliwalia, Metallurgist

2. Teledyne Cast Products Company
Pomona, Cal ifornia
Emmett Bossing, Metallurgist

Alloy A201 casting suppliers:

3. Morris Bean and Company
Yellow Springs, Ohio
Charles Nelson, Metallurgist

4. Smithford Products Company
Ontario, California
Stan Warrington, Engineer

b. Test Casting Configuration

The evaluation of radiographic procedures showed that 0.5 inch is the
maximum thickness that could be examined to ensure that Grade B acceptance
size defects are not exceeded. Therefore, a section 0.5-inch thick was locat-

ed within a step plate configuration to represent an isolated area of an
aerospace configuration that required optimum tensile properties. The test

configuration is shown in Figure 84. Various changes in thickness were

included to increase the complexity of the configuration.

2. FOUNDRY PROCESS QUALIFICATION

a. General Procedure

The following procedure was used to qualify the process of each
foundry. Three preproduction castings were submitted for qualification

testing by each foundry.

(1) Target Tensile Properties (Minimum)

Tensile specimens excised from the casting were required to
exhibit at least the following:
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UT S YS e
(ksi) (ksi) (%)

A357 Alloy:

Designated area 50 40 5
Nondesignated area Grade C - radiographic quality

A201 Alloy:

Designated area 60 53 3
Non-designated area Grade C - radiographic quality

(2) Melt Composition

Melt samples taken at the foundry were required to conform to

the following:

A357 Alloy:

Same as MIL-A-21180 except: Magnesium - 0.55-0.65% I.

A201 Alloy:

Same as MIL-A-21180 except: Copper - 4.50 to 5.00%
Silver - 0.50 to 1.00%
Magnesium - 0.25 to 0.35%

(3) Attached Coupons

A357 Alloy: Two coupons were attached to each casting and re-

mained attached until removed by the inspection facility after all processing

was completed. One of the two coupons was more heavily chilled to provide

a minimum difference of 0.0010 inch of DAS between the two coupons. Target

DAS values were 0.0010 to 0.0015 inch in the heavily chilled coupon. Tensile

properties were determined for information only.

A201 Alloy: A minimum of two coupons were attached to each

test casting and remained attached until removed by the inspection facility

after all processing was completed. The tensile properties of one coupon
were determined in each plate for information only.
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(4) Miscellaneous Tests for Information Only

The following tests were performed for information only:

"1. Hardness testing

2. Penetrant inspection

3. Electrical conductivity (A201 only).

(5) Fracture Toughness Block

"A qualification requirement for the fracture toughness test

block (Figure 85) was that an excised tensile specimen be capable of meeting

the minimum target tensile properties agreed upon for the designated area of

* the step plate casting. (Separate blocks were cast for the fracture toughness
" test in an effort to obtain valid KIc values.)

b. Test Results, A357 Alloy

The results obtained from A357-T6 qualification tests of three step

plates and one fracture toughness block submitted by each foundry are

as follows:

(1) Tensile Properties

Tensile Properties of Specimens
Supplier Material from Designated Area

UTS YS e
Magnesium Step Plates Plate (ksi) (ksi) (%)
Alloy Products

1 53.7 44.7 8.9

1 53.6 43.9 8.4

1 54.9 45.9 8.8

1 53.8 45.9 8.0

•;'.
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Tensile Properties of Specimens
Supplier Material from Designated Area

UTS YS e
Magnesium Step Plates Plate (ksi) (ksi) (%)
Alloy Products

1 54.4 46.8 7.4

2 54.3 45.0 9.0

2 54.1 44.4 10.2

2 54.2. 44.9 8.2

2 54.3 46.5 5.6

2 51.6 42.3 6.8

3 53.2 42.7 8.5

3 53.4 42.7 10.9

3 54.0 45.3 6.8

Minimum 51.6 42.3 5.6

Maximum 54.9 46.8 10.9

KIc test block 51.4 43.3 6.0

1i

I.
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Tensile Properties of Specimens
Supplier Material from Designated Area

UTS YS eTeledyne Cast Step Plates Plate (ksi) (ksi) (%)
Products

1 51.0 43.8 6.3

1 50.1 45.6 4.2*

1 52.1 43.9 9.9
2 53.5 45.9 7.3

2 53.4 46.5 6.7

2 54.3 46.5 8.6

2 51.7 46.5 5.3

2 52.8 46.6 5.6

2 50.8 45.1 7.3

2 51.7 45.9 6.1

3 53.9 45.3 8.8

3 52.3 44.8 6.2

Minimum 50.1 43.8 4.2

Maximum 54.3 46.6 9.9

"KIc test block 52.3 45.9 5.0

"*Broke outside gage length.

'1
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Suppl ier Material Tensile Properties DAS

UTS YS e (x 10-4
Magnesium Attached Plate (ksi) (ksi) (%) inches)
Alloy Products coupons

1A 53.1 46.9 4.1 17

1B 52.6 45.4 3.7 25

2A 52.5 45.2 6.2 10

2B 53.0 46.8 3.3 21

3A 52.6 44.5 6.0 14

3B 52.1 44.8 4.3 16

Teledyne Attached
Cast Products coupons

1A 52.0 44.3 10.8 9

1B 46.8 41.7 3.7 20

2A 53.7 45.3 11.6 10

2B 46.5 44.4 3.0 20

3A 52.1 43.2 10.8 7

3B 46.4 41.9 2.8 20

(2) Radiographic Inspection

The designated area of the step plates and the fracture toughness

blocks met the Grade B quality criteria of MIL-C-6021. The remaining undesig-

nated areas of the step plates varied between Grade B and Grade C qualities.

(3) Penetrant Inspection

"No linear indications were evident in any of the qualification

castings from either Magnesium Alloy Products or Teledyne Cast Products.

(4) Hardness Test

The step plates varied in hardness from HRE 90 to 97. The hard-

ness determinations were obtained for information only to properly character=

ize heat treated A357 alloy in the T6 condition.
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(5) Melt Composition

The following compositions were reported by the two foundries:

Element Magnesium Teledyne
Alloy Products Cast Products

(Content %) (Content %)

Silicon 6.70 7.00

Magnesium 0.59 0.60

Iron 0.11 0.09

Titanium 0.14 0.13

Beryllium 0.06 0.05

Manganese 0.10 Nil

Zinc 0.01 0.01

Copper 0.01 0.01

Aluminum Remainder Remainder

(6) Summary and Conclusions

Magnesium Alloy Products and Teledyne Cast Products demonstrated

that their processes were capable of producing A357-T6 material that would

meet (1) target properties of 50 ksi UTS, 40 ksi YS, and 5-percent elongation

in the fracture toughness blocks and designated area of the step plate, (2)

Grade C or better radiographic quality in the undesignated areas of the step

plates, (3) melt composition requirements with restricted magnesium content,

(4) acceptable surface quality, and (5) DAS requirements of attached coupons,

with the exception that those produced by Magnesium Alloy Products did not

show an acceptable variance in the DAS value of the attached coupons. Approv-

al was given to both foundries, with the condition that Magnesium Alloy

Products would develop an acceptable method of producing attached coupons to

the step plates that would show a minimum of a 0.0010-inch spread in DAS

val ues.
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c. Test Results, A201 Alloy

*i(1) Tensile Properties

"A201-T7 Step Plates and Fracture Toughness Blocks exhibited the

following tensile properties:

Supplier Material Tensile Properties of Specimens
Excised from the Designated Area

UTS YS e
Smithford Step plates Plate (ksi) (ksi) (%)
Products Co.

-•II,

• I.

"1 62.1 56.1 14.0
1 61.2 55.1 10.0

1 68.4 62.5 8.2

1 69.0 62.7 7.0
-o..

1 68.6 62.2 7.2

2 60.4 54.2 14.0

"", 2 66.3 59.8 8.5

2 60.5 54.2 10.0

"2 67.9 62.1 5.0

3 61.5 55.2 10.0

3 66.2 59.5 7.4

3 60.2 53.5 12.0

3 68.6 62.1 7.5

Minimum 60.2 54.2 5.0

Maximum 69.0 62.7 14.0
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Suppl ier Material Tensile Properties of Specimens
Excised from the Designated Area

UTS YS e
Morris Bean Step plates Plate (ksi) (ksi) (%)
and Company

1 63.9 57.2 6.4

1 65.7 58.4 9.1

1 63.2 56.4 7.8

2 65.0 58.1 5.1

2 67.0 59.2 9.2

2 63.0 56.4 6.5

3 65.5 58.1 7.4

3 64.4 57.3 9.3

3 66.5 59.4 8.4
•J1

3 65.5 58.4 10.3

3 64.4 57.3 8.8

3 64.4 57.6 7.2
. •.

Minimum 63.0 56.4 5.1

Maximum 67.0 59.4 10.3
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Tensile Properties of Specimens
Supplier Material Excised from the Designated Area

UTS YS e
Plate (ksi) (ksi) (%)

Smithford Fracture 68.8 59.9 5.0
Products Co. toughness

blocks

Morris Bean Fracture 64.9 59.1 6.5
and Company toughness

block

Smithford Attached 1 62.3 58.0 10.0
Products Co. coupons

2 63.8 58.2 9.0

3 61.0 55.7 8.0

"Morris Bean Attached 1 65.6 57.8 9.6
and Company coupons

2 65.0 57.0 8.9

3 65.7 58.0 10.8
L "

(2) Radiographic Inspection

"Smithford step plates were classified Grade B in the designated
., area. Non-designated areas exhibited round gas porosity and scattered amounts
• of shrink sponge and shrink cavities in the remaining areas of the casting

which were of Grade C quality. All areas of the Morris Bean step plates were
_ classified Grade B or better although there were indications of dross and gas

holes.

(3) Penetrant Inspection

All step plates were acceptable. p.

1
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(4) Melt Composition

The following melt compositions were reported by the foundries:

Element Smithford Morris Bean
Products Co. and Company
(Content %) (Content %)

Copper 4.75 4.68

Si l i con 0.04 0.02

Magnesium 0.29 0.29

Iron 0.03 0.03

Manganese 0.29 0. 29

Titanium 0.28 0.20

Silver 0.51 0.51

(5) Hardness Tests

The following hardness test results were reported by the found-

ries:

Foundry Plate HRB

Smithford 1 76.5
Products Co. 2 72.0

3 75.0

"Morris Bean 1 78.6
and Company 2 75.0

3 76.0
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(6) Electrical Conductivity

The following electrical conductivity test results were ob-

tained:

Foundry Plate IACS (%)

Smithford 1 32.0
Products Co. 2 31.5

3 31.0

Morris Bean 1 31.4
and Company 2 31.5

3 31.0

(7) Summary and Conclusions

Smithford Products Company and Morris Bean and Company each
demonstrated capability to produce step plates and fracture toughness castings

to the desired quality. Both foundries were approved for productior, on the
basis of these results. It should be noted that although both foundries had

produced premium quality castings for aerospace applications for a number of

years, several trial efforts were necessary before castings were made which

met the requirements for process approval.

*- 3. PRODUCTION ACCEPTANCE TESTING

a. Introduction

"After qualification approval each foundry was requested to cast 15

step plates and 5 fracture toughness blocks. The castings were to be produced

from a minimum of five melts and two heat treatment lots at each foundry. In
. addition, each foundry was requested to produce three step plates with radio-

graphic quality worse than Grade C per MIL-C-6021 in the designated area and

* three additional plates each with a weld bead across the designated area in a
"* 60-degree groove 0.25 inch deep.
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The test castings were to be produced in accordance with the produc-

tion control procedures used in the production of the qualification plate,.

and the acceptance criteria described herein. Discussions were held with the

participating foundries to clarify acceptance criteria. The NDI criteril

were based on the acceptance test procedures defined in Phase IA and the

results of the qualification tests.

b. Acceptance Criteria

(1) A357-T6 test castings

The following inspection test methods and criteria of accep-

tance were developed for A357-T6 castings:

...

Test Method Acceptance Criteria

Radiographic inspection per Grade B per MIL-C-6021 minimum
MIL-STD-00453 (1% t, 0.003 in designated area; Grade C
inch UG, Type 1 film) minimum all other areas

Flourescent penetrant per No linear indications
AMS 2645

Tensile test attached coupon Minimum of 50 ksi UTS, 42 to
per ASTM B557 47 ksi YS

DAS measurement by propo'ed Maximum size determined by UTS/
ANS method DAS relationship of attached .

coupons for 50 ksi UTS

In addition, each foundry was to supply a spectrographic

analysis of each melt, heat treatment certifications, and individual cast

serial numbers on each step plate. The melt chemistry was to be in accor-

dance with MIL-A-21180 except that the magnesium content was to be maintained

within a range of 0.55 to 0.65 percent instead of the specified range of 0.40

. to 0.7 percent. The acceptance criteria for the fracture toughness blocks
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were the same as for the step plates, except that the radiographic quality

could not be validated because of the thickness of the block.

(2) A201-17 Test Castings p.

The following test methods and criteria of acceptance for

A201-T7 were developed:

Test Method Acceptance Criteria

Radiographic inspection per Grade B per MIL-C-6021 in
"MIL-STD-00453 (1% t, 0.003 designated area; Grade C in
inch Ug, Type 1. film) all other areas

Fluorescent penetrant per No linear indications
, S 2645

"Tensile test attached Minimum of: 60 ksi UTS
coupon 55 ksi YS

5% elongation

Hardness per ASTM E18 Minimum of HRB 70

Electrical conductivity Minimum of 31% TACS
per MIL-STD-1537

In addition, each foundry was requested to supply a spectro-

,, graphic analysis of each melt, heat treatment certifications, and individual V

cast serial numbers on each plate. The melt composition was to be in accor-

dance with specification MIL-A-21180, except for the following:

Copper 4.5 to 5.0%

Silver 0.5 to 1.0%

Magnesium 0.25 to 0.35%

c. A357-T6 Test Results 1%

(1) Teledyne Cast Products Test Castings

Melt Chemistry - As shown in Table 9, the five melts all met

- the composition acceptance limits. The magnesium content was maintained in
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the upper portion of the composition range and the iron was consistently in

the lower portion of the composition range.

"TABLE 9. TELEDYNE CAST PRODUCTS COMPANY (A357) FOUNDRY MELT ANALYSIS

Element Acceptance Melt
Limits (%) 4913 4203 4213 4223 9193

"Silicon 6.50 to 7.50 6.80 6.80 6.80 6.80 6.60

Magnesium 0.55 to 0.65 0.59 0.60 0.59 0.60 0.64

Titanium 0.10 to 0.20 0.17 0.15 0.16 0.15 0.12

Beryllium 0.04 to 0.07 0.06 0.06 0.07 0.07 0.06

Iron 0.20 Max 0.06 0.06 0.08 0.06 0.07

Manganese 0.35 Max - - - - -

Zinc 0.05 Max 0.01 0.01 0.01 0.01 -

Copper 0.0S Max 0.03 0.03 0.01 0.01 -

Aluminum Remainder Remainder

"Radiographic Quality - The 15 cast step plates were acceptable

to Grade B quality requirements in both designated and nondesignated areas.

"Details of the results are shown in Table 10.

Integrally Attached Coupon Tensile Properties - The tensile

property results shown in Table 11 of chilled and unchilled attached coupon
met the yield strength range of 42 to 47 ksi in the chilled coupons. A

minimum of 50 ksi ultimate strength was also obtained in each of the chilled

coupons. Values varied from 52.2 to 54.7 ksi UTS.

DAS - Measurements of DAS taken on the surface of chilled and

unchilled attached coupons of the 15 cast step plates are reported in Table 12

with the UTS of each coupon. These results were also plotted in Figure 86 to

determine the maximum DAS value which could be allowed and ensure a 50 ksi UTS

(as listed in Table 12). Using the maximum DAS value determined from the

attached coupons as a reference, two test sites of the designated area were

inspected to determine the acceptance of each plate. The DAS value of each
plate of plates varied from 9 to 19 x 10- 4 inches which was acceptable to

the respective maximum allowable DAS value of each plate. The DAS values ob-

tained from each plate is shown in Table 12.
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TABLE 10. TELEDYNE CAST PRODUCTS COMPANY (A357) PRODUCTION
STEP PLATES RADIOGRAPHIC INSPECTION RESULTS

PLATE RADIOGRAPHIC QUALITY

DESIGNATED AREA (1) NON-DESIGNATED AREA (2)

ASTM TYPE ASTM TYPE
PLATE NO. DEFECT PLATE NO. DEFECT

4193-1 <1 Rd Gas Por 1 to <1 Rd Gas Por
1 Gas Hole

-2 <1 Rd Gas Por <1 Rd Gas Por
<1 Gas Hole Dross

-4 <1 Rd Gas Por I to <I Rd Gas Por
1 Gas Hole Dross

-5 <I Rd Gas Por <I Rd Gas Por
1< Gas Hole

4203-1 <1 Rd Gas Por <I Rd Gas Por
-3 <1 Gas Hole 1 to <1 Rd Gas Par

<1 Gas Hole
-4 None <1 Rd Gas Por

<1 Gas Hole

4213-1 <1 Rd Gas Por 1 Rd Gas Por
<1 Gas Hole <1 Gas Hole

-4 <1 Rd Gas Por <1 Rd Gas Por<1 Gas Hole

4223-2 1 Rd Gas Por 1 Rd Gas Por
I Sprig. Shrink

-5 1 Rd Gas Por <1 Rd Gas Por
I Spng. Shrink 1 to <1 Gas Hole

9193-1 <1 Rd Gas Por <1 Rd Gas Por
-2 <1 Rd Gas Por <1 Rd Gas Por
-4 <1 Rd Gas Por <1 Rd Gas Por

<1 Gas Hole
-8 <1 Rd Gas Por <1 Rd Gas Por

I Spng. Shrink <1 Gas Hole

(1) Grade B quality required. Maximum defect not to
exceed a Plate 1.

(2) Grade C quality required. Maximum defect not to
exceed a Plate 2 except gas porosity or gas hole
defect cannot exceed Plate 3.
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TABLE 11. TELEDYNE CAST PRODUCTS COMPANY (A357) INTEGRALLY
ATTACHED TEST COUPON PROPERTIES

Coupon 1 - Chilled
Coupon 2 - No Chill

Plate Test UTS YS e
No. Coupon (ksi) (ksi) (%)

4193-1 1 52.8 42.1 10.0
2 47.4 41.2 2.0

-3 1 54.1 44.6 10.0
2 48.0 43.0 2.5 ,

-4 1 53.6 42.9 11.0
2 49.1 43.2 3.0

-5 1 52.2 42.0 10.0
2 48.5 42.0 4.0

4203-1 1 54.1 42.9 10.0
2 49.5 44.5 2.0

-3 1 54.0 44.0 10.0
2 48.1 43.0 2.5

-4 1 53.9 44.2 8.0
2 48.9 43.4 2.5

4213-1 1 54.0 44.1 12.0
2 49.0 44.0 2.5

-4 1 54.5 44.2 11.0
2 48.5 43.9 2.0

4223-2 1 53.5 44.0 10.0
2 49.9 44.3 3.0

-5 1 53.6 44.1 9.0
2 49.6 44.3 4.0

9193-1 1 53.4 44.0 10.0
2 49.6 42.6 4.0

-2 1 54.2 44.8 10.0
2 49.6 43.0 3.0

-4 1 54.7 45.2 12.0
2 50.8 44.4 5.0

-8 1 53.2 43.3 12.0
2 50.5 44.2 5.0
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TABLE 12. TELEDYNE CAST PRODUCTS COMPANY (A357) PRODUCTION
STEP PLATE DAS ACCEPTANCE TEST RESULTS

RAS/UTS PAS/UTS DAS DAS Graph Maximum
(10- inch/ksi) (10" inch/ksi) At At Allowable DAS

Plate No. Chilled Unchilled Center Edge (10 in)
Coupon Coupon Casting Casting

4193-1 *(15) 1/52.8 *(36) 24/47.4 9 13 18 (26)*

-3 *(16) 11/54.1 *(40) 22/48.0 9 16 18 (32)*

-4 9/53.6 23/49.1 9 17 20

-5 10/52.2 22/48.5 11 16 17

4203-1 *(20) 11/54.1 *(38) 24/49.5 8 16 22 (36)*

-3 *(15) 9/54.0 *(35) 25/48.1 9 14 20 (29)*

-4 12/53.9 25/48.9 11 17 22

4213-1 *(16) 11/54.0 *(33) 24/49.0 9 14 21 (29)*

-4 *(17) 12/54.5 *(32) 21/48.5 8 14 17 (28)*

4223-2 10/53.5 20/49.9 8 17 20

-5 *(15) 9/53.6 *(36) 22/49.6 9 17 21 (35)*

9193-1 *(14) 8/53.4 *(22) 20/49.6 11 15 19 (21)*

-2 *(13) 8/54.2 *(29) 22/49.6 9 19 21 (27)*

-4 *(15) 8/54.7 *(30) 19/50.8 10 12 21 (32)+

-8 9/53.2 20/50.5 9 13 22

*(XX) Represents the "partilce intercept distance" (X10- 4 inches)

and is shown with DAS values. This comparison is discussed in the

following text of the report.
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"To verify the microstructure acceptance procedure, the micro- L
structure was evaluated by two methods. The preferred procedure was to locate
well-defined dendritic formations and carefully determine the DAS of several

. dendrites and use the average value. However, In some instances, the dendri-

tic formation was not clearly defined. In these instances, lines were arbi-
- trarily drawn across the micrograph and the average distance between the
,. silicon particles that intercepted the line was determined. This distance has

- been defined as the average particle intercept distance (PID). Both proce-
* dures are described in the proposed process specification (Appendix H). The
. microstructure of the attached coupons and several step plates was measured by
, both methods (results are plotted in Figures 87 and 88). The UTS was then

predicted by each method and a tensile specimen excised from the test site.
This was done to compare the two methods of microstructure measurement. The
results are shown in Table 13. The predicted value of UTS as determined by

using PID and DAS measurements were very similar. A tolerance of + 5 percent
- or 2.5 ksi was anticipated and the results were within this range of varia-

tion. It should be noted however, that the accuracy of the PID method is
Sreduced with increasing amounts of interdendritic material. For this reason,

the accuracy of measuring coarse structures which exhibit large amounts of
"-* interdendritic material is limited using the PID method.

Hardness and Penetrant Inspection - Penetrant inspection indi-
cated no linear defects and the results were acceptable as shown in Table 14.
Hardness values were reported for information purposes only and are shown also
in Table 14. The values varied from 95.1 to 100.2 HRE.
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TABLE 13. COMPARISON OF TENSILE STRENGTH ESTIMATION USING OAS AND PID
MEASUREMENTS OF TELEDYNE CAST PRODUCTS (A357) STEP PLATES

Plate Tensile Microstructure Tested Estimated Difference of
No. Specimen Measurement UTS UTS by Estimated and

by (ksl) PlO DAS Tested

(PIý DAS (ksl) (ksi) PID DAS

(0- inch) (ksi) (ksi)
9193-1 A86-T3 19 11 52.5 51AQ 52.4 -1.5 -0.1

*9193-2 B85-T3 15 9 52.8 53.6 54.2 +0.8 +1.4

9193-4 B90-T3 17 10 52.8 54.2 54.0 +1.4 +1.2

4213-1 B92-T3 17 9 54.7 53.7 54.8 -1.0 +0.1

K4213-4 A91-T3 18 12 51.9 54.1 53.9 +2.2 +2.0

4203-1 A95-T3 19 8. 54.2 54.4 55.2 +0.2 +1.0

4203-3 B94-T3 17 9 53.1 53.5 54.0 +0.4 +0.9

4193-1 A99-T3 15 9 53.9 52.8 53.6 -1.1 -0.3

4193-3 B98-T3 16 9 52.7 54.1 55.2 +1.4 +2.5

4223-5 A87-T3 15 9 54.0 53.4 53.6 -0.6 -0.4
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TABLE 14. TELEDYNE CAST PRODUCTS (A357) STEP PLATE
PENETRANT AND HARDNESS RESULTS

C
Plate No. Penetrant Hardness (RE)

4193-1 OK 98 to 99

-3 OK 98 to 99

-4 OK 97 to 99

-5 OK 97 to 99

4203-1 OK 99 to 100

-3 OK 97 to 99

-4 OK 97 to 98

4213-1 OK 98 to 99

-4 OK 97 to 98

4223-2 OK 97 to 100

-5 OK 95 to 99

9193-1 OK 98 to 100

-2 OK 99 to 100
-4 OK 98 to 100

-8 OK 98 to 100
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(2) Magnesium Alloy Products test casting results

Melt Chemistry - Six different melts were used to pour the test

castings. The melt compositions as reported by the foundry indicated a

* magnesium content in the lower half portion of the range and iron content in

the upper half of the acceptance range. All melt compositions were within

the specified acceptance range as reported in Table 15.

Radiographic Quality - The radiographic quality of the step

plates was acceptable with the exception of two plates which exhibited a

localized flaw. The flaws were accepted since they did not interfere with

the testing. The nondesignated areas showed evidence of Grade B to C round

gas porosity in the 1/8-inch thick section of the plates. All other areas

met Grade B radiographic quality requirements as shown in Table 16.

TABLE 15. MAGNESIUM ALLOY PRODUCTS (A357)
FOUNDRY PRODUCTION MELT ANALYSIS

El .,nent Acceptance
Limits Melt

H2237/3 H2204/2 H2250/4 H2258/4 H2256/4 H2301/3

Silicon 6.5 to 7.5 6.9 6.8 6.8 7.0 6.9 6.8

Magnesium 0.55 to 0.65 0.60 0.60 0.60 0.60 0.58 0.57

* Titanium 0.10 to 0.20 0.16 0.19 0.17 0.17 0.16 0.18

Beryllium 0.04 to 0.07 0.05 0.05 0.05 0.05 0.05 0.05

Iron 0.20 Max 0.13 0.15 0.12 0.13 0.14 0.15

* Manganese 0.35 Max 0.10 0.10 0.10 0.10 0.10 0.10

. Zinc 0.05 Max 0.01 0.01 0.01 0.01 0.01 0.01

Copper 0.05 Max 0.02 0.02 0.02 0.02 0.02 0.02

Aluminum Remainder Remainder
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TABLE 16. MAGNESIUM ALLOY PRODUCTS (A357) PRODUCTION STEP

PLATES RADIOGRAPHIC INSPECTION RESULTS

PLATE RADIOGRAPHIC QUALITY

DESIGNATED AREA (1) NON-DESIGNATED AREA (2)

ASTM TYPE ASTM TYPE
PLATE NO. DEFECT PLATE NO. DEFECT

223713-13 2 Rd Gas Por 1 Rd Gas Por
1 Elong Gas Por

2237/3-14 1 Rd Gas Por 1 Rd Gas Por
Elong Gas Por

"2237/3-15 None 1 and 2 Rd Gas Por

2244/2-17 1 Rd Gas Por 1 and 3 Rd Gas Por

2244/2-18 None 1 and 2 Rd Gas Por

"2244/2-19 1 Rd Gas Por 1 and 2 Rd Gas Por
2250/4-21 1 Rd Gas Par 1 and 2 Rd Gas Par 1%

2250/4-22 1 Rd Gas Por 1 Rd Gas Por

*6 Elong Gas Por

2250/4-24 1 Rd Gas Por 1 Rd Gas Por
3 Elong Gas Por

2?58/4-34 1 Rd Gas Por 1 Rd Gas Por
2258/4-35 1 Rd Gas Por 1 and 2 Rd Gas Por

2258/4-36 1 Rd Gas Por I and 2 Rd Gas Por

2256/4-29 1 Rd Gas Por 1 and 2 Rd Gas Por

2256/4-30 1 Rd Gas Por 1 Rd Gas Por

2256/4-31 1 Rd Gas Por 1 and 2 Rd Gas Por

(1) Grade B quality required. Maximum defect was not to
exceed ASTM Plate 1.

(2) Grade C quality required. Maximum defect was not to
exceed ASTM Plate 2 except jas porosity and gas holes
could not exceed ASTM Plate 3.

- *Accepted in a localized area which does not interfere with testing

180

... .+. + .+ .. .... • .. • , .,. ............. •...-...... .-... +.. - -,,,-.=. .- ,.... . .. '.-',"..''.....;...
, -.. -. '~~~~ ~~ ~ ~ -. -' • , o P.. , • ', . , -, * *** .. . .- .o .-. . ;, ,° . .'.., .', , •. , * -* -'. • - ,. - ,. . . - . . . . o; ",L



Integrally Attached Coupon Tensile Properties - The yield

strength range of 42 to 47 ksi and minimum ultimate strength of 50 ksi were

obtained as shown in Table 17 for each chilled attached coupon. The UTS var-

"- led from 52.5 to 55.9 ksi.

DAS - The DAS was determined on the surface of each attached

coupon prior to excising a tensile specimen. The DAS/UTS relationships plot-

ted in Figure 88 were used to determine the maximum DAS permissible for a UTS

of 50 ksi. By relating the maximum DAS (as listed in Table 18) acceptable to

the DAS of each plate, the capability of plate to exhibit the minimum UTS of

50 ksi required for acceptance was determined. The relatively high UTS values

obtained from coarse unchilled attached coupons from plates 18, 22, and 36

provided an unusually large maximum acceptable DAS of 50, 45 and 45 x 10-4

inches. The microstructures of these tensile specimens were also evaluated

using a mounted and polished micro preparation technique. Reexamination of

the specimen microstructure did not significantly alter the DAS/UTS relation

originally established. However, the tensile properties of a specimen taken

adjacent to the coarse DAS coupon of plate 36 indicated a much 1ower value of

UTS. As shown in Figure 89, when the lower UTS was used in place of the

original UTS value, the DAS/UTS relationship paralleled the results of the

other two plates of the same melt. The apparent discrepancies of the DAS/UTS I'

relationship of plates 18, 22 and 36 were attributed to the inaccuracy of the

UTS values.

Hardness and Penetrant Inspection - The hardness values of the

plates were found to vary from HRE 95.0 to 101.5. Penetrant inspection showed

no evidence of linear indications. Results of these tests are shown in Table

19.
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TABLE 17. MAGNESIUM ALLOY PRODUCTS (A357) INTEGRALLY
ATTACHED TEST COUPONS TENSILE PROPERTIES

Coupon 1 - Chilled
"Coupon 2 - Not Chilled

Tensile Properties
Pl ate Coupon UTS YS e

-' Identification (ksi) (ksi) (%)

2237/3-13 1 53.1 45.5 9
2 48.6 43.5 5

3-14 1 54.8 44.9 10
2 51.9 45.9 10

3-15 1 52.5 44.6 10
2 51.2 45.2 5
12244/2-17 52.5 47.3 6

24/-72 46.0 42.8 5
2-18 1 52.5 44.6 6

2 51.9 45.7 7
2-19 1 52.8 44.5 8

2 51.5 45.2 6

"2250/4-21 1 55.6 46.9 11
2 53.2 46.5 5

4-22 1 53.3 44.9 8
2 52.2 46.4 6

4-24 1 53.6 45.2 8
2 51.8 45.5 6

2256/4-29 1 54.4 45.5 11
2 49.7 44.1 4

4-30 1 54.7 45.7 7
2 51.2 43.5 5

4-31 1 53.7. 45.1 8
2 50.2 42.4 7

2258/4-34 1 55.9 46.7 8
"2 51.0 44.4 4

4-35 1 53.2 44.7 7
2 48.5 42.4 4

4-36 1 54.2 46.5 7
2 52.0 45.2 5

4-36 (Adjacent 1 55.5 46.8 10
Specimen) 2 44.3 44.0 --
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* TABLE 18. MAGNESIUM ALLOY PRODUCTS (A357) PRODUCTION
STEP PLATE DAS TEST RESULTS

Attached Coupon Critical Area Max. Allowable
P#S/UTS gjS DftS L

Plate (10 ln/ksl) (10 in) (10 in)
Chill Non-Chill Center Edge From Graph

2237/3 -13 9/53.1 20/48.6 11 16 16

-14 14/54.8 20/51.9 10 13 24

-15 9/52.5 20/51.2 11 17 27

2244/2 -17 11/52.5 33/46.0 12 13 19

-18 10/52.5 25/51.9 10 17 0

-19 11/52.8 20/51.5 13 16 27

2250/4 -21 11/55.6 22/53.2 10 13 36

-22 11/53.3 22/52.2 14 17 45*

-24 10/53.6 20/51.8 14 17 29

2258/4 -34 12/55.9 20/51.0 13 13 22 I

-35 10/53.2 17/48.5 11 13 14P

-36 10/54.2 29/52.0 11 17 45*

(Retest -36 55.5 44.3 19)

2256/4 -29 10/54.4 25/49.7 10 17 24

-30 10/54.7 20/51.2 14 20 23

-31 9/53.7 29/50.2 13 20 28

*Suspect Results
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TABLE 19. MAGNESIUM ALLOY PRODUCTS (A357) STEP
PLATE HARDNESS AND PENETRANT RESULTS

* Plate No. Penetrant Hardness (RE)

2237/3-13 OK 98 to 99

-14 OK 98 to 101

-15 OK 97 to 99

2244/2-17 OK 95 to 97

-18 OK 97 to 98

-19 OK 97 to 99

2250/4-21 OK 99 to 102

-22 OK 98 to 100

-24 OK 97 to 100

2 258/4-34 OK 99 to 102

-35 OK 97 to 100

-36 OK 97 to 100

2256/4-29 OK 99 to 101

-30 OK 98 to 100

-31 OK 97 to 98
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d. A201-T7 Test Results

((1) Smlthford Products Company Test Casting

p.p

Melt Composition - The composition of each melt is shown in Table A.

20. As these results show, the alloy content was maintained in the lower por-

tion of the acceptance range as reported by the foundry.

Radiographic Quality - The results of radiographic inspection,

shown in Table 21, indicated the step plates were acceptable to a Grade B

quality in all areas of each plate.

Integrally Attached Coupon Tensile Properties - All attached cou-

pons met the 55 ksi yield strength, 60 ksi ultimate strength, and 5 percent

minimum elongation acceptance requirements. UTS values ranged from 62.0 to

66.3 ksi; YS values varied from 57.0 to 60.0 ksi and elongation values ranged

from 6.4 to 9.6 percent. Test results are shown in Table 22. ,.

Hardness and Conductivity - The hardness values of the step plates

varied from 75 to 81 HRB, which was consistent with the required minimum of 70

* HRB. Electrical conductivity measurements varied from 31 to 33 percent IACS

in compliance with the minimum requirement of 31 percent IACS. Values of

hardness and conductivity are listed in Table 22.

Penetrant Inspection - The surface quality of this alloy as deter-

mined by penetrant inspection may be very misleading due to a thin layer of

metal on the surface of the casting. This skin will often contain irregulari-

ties such as tears or linear indications. When this skin was sand-blasted

away, the underlying surface was free of any linear indications, as shown in

Figure 90.
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TABLE 20. SMITHFORD PRODUCTS (A201) FOUNDRY MELT COMPOSITION

.,

Element Acceptance Melt Melt Melt Melt
of Melt Range U429 124-A 124-P 214

Copper 4.50 to 5.00 4.70 4.75 4.75 4.70

"Silicon 0.10 max 0.04 0.04 0.05 0.03

Magnesium 0.25 to 0.35 0.34 0.31 0.32 0.30

Iron 0.05 max 0.04 0.04 0.04 0.02

Manganese 0.20 to 0.50 0.26 0.29 0.30 0.25

Titanium 0.15 to 0.35 0.26 0.24 0.34 0.25

Silver 0.50 to 1.00 0.53 0.54 0.54 0.53

18-
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TABLE 21. RADIOGRAPHIC AND PENETRANT INSPECTION RESULTS OF
SMITHFORD PRODUCTS (A201) PRODUCTION STEP PLATES

PLATE RADIOGRAPHIC QUALITY

DESIGNATED AREA (1) NON-DESIGNATED AREA (2)

ASTM TYPE ASTM TYPE
PLATE NO. DEFECT PLATE NO. DEFECT

U429-1 I Rd Gas Por 1 Rd Gas Por

124A-2 None I Rd Gas Por

S124P-1 None None

U429-2 None None

124P-2 None 1 Rd Gas Por

124A-1 None 1 Gas Hole

U429-3 None None -

124A-4 None None

124A-3 None 1 Rd Gas Por

U429-4 None None

124A-5 None None

124P-4 1 Gas Hole None

124A-3 1 Gas Hole I Rd Gas Por

124P-5 None 1 Rd Gas Por

214-4 None None

(1) Grade B quality required. Maximum defect was not
'to exceed ASTM Plate 1.

(2) Grade C quality required. Maximum defect was not
to exceed ASTM Plate 2 except gas porosity and

,V gas holes could not exceed ASTM Plate 3.

Penetrant quality of all plates was acceptable - no
record kept of individual plate quality.
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TABLE 22. HARDNESS AND CONDUCTIVITY TEST RESULTS OF SMITHFORD
PRODUCTS (A201) STEP PLATES AND TENSILE PROPERTIES
OF ATTACHED COUPONS

I.-

Attached Coupon
Test Tensile Properties Step Plate Step Plate

No. Step Plate UTS YS e Hardness (% IACS)
(ksi) (ksl) (%) (HRB)

101 U429-1 64.1 58.4 9.0 78-81 31

I.

102 124A-2 66.1I 60.0 6.9 78 32 '

.103 124P -l 65.7 58.7 9.1I 79-80 31

104 U429-2 64.3 58.7 9.0 78-83 31

"105 124P-2 63.7 57.0 6.7 75-77 33

106 124A-1 65.5 59.1 6.4 78-80 32

107 U429-3 63.6 58.0 8.9 79-83 32

108 124A-4 65.6 59.3 6.9 76-79 32

109 124P-3 66.3 59.1 7.9 75-77 32

110 U429-4 62.9 58.2 9.5 80-82 32

111 124A-5 65.0 59.5 8.0 78-79 33 -

112 124P-4 65.3 58.5 7.3 76-77 32

113 124A-3 65.0 59.5 8.0 76-79 32

114 124P-4 64.7 57.4 8.7 79-80 31

115 214-4 62.0 58.3 8.2 78-79 33

7,
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(2) Morris Bean and Company Test Castings

Melt Composition - The foundry's spectrographic analysis of each
melt is shown in Table 23. The copper content was maintained at mid-range
while the magnesium content was consistently in the upper portion of the

acceptable range. The silver content was kept in the lower portion of

the range.

"TABLE 23. MORRIS BEAN AND COMPANY (A201) FOUNDRY MELT COMPOSITIONS

Element Acceptance Melt Melt Melt Melt Melt Melt
Range No. I No. 2 No. 3 No. 4 No. 5 No. 6

)(%) (%) (%) (%) (
Copper 4.50 to 5.00 4.79 4.56 4.60 4.56 4.85 4.69

Silicon 0.10 max 0.05 0.06 0.05 0.05 0.05 0.02

Magnesium 0.25 to 0.35 0.25 0.26 0.28 0.25 0.28 0.29

Iron 0.05 max 0.03 0.04 0.03 0.03 0.04 0.03

Manganese 0.20 to 0.50 0.29 0.25 0.28 0.29 0.27 0.30

Titanium 0.15 to 0.35 0.21 0.21 0.22 0.22 0.31 0.20

Silver 0.50 to 1.00 0.62 0.66 0.58 0.63 0.69 0.65

1.,
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Radiographic Quality - The designated areas of all plates met

Grade B quality requirements. However, the presence of dross in the non-des-

ignated areas reduced the quality from a Grade B to C. Since the minimum re-

quired quality in non-designated areas was a Grade C, the plates were accepta-

ble. Results of the radiographic inspection are shown in Table 24.

Integrally Attached Coupons - Minimum tensile properties of 60 ksi

UTS, 55 ksi YS, and 5 percent elongation were exhibited by each attached cou-

pon as shown in Table 25. Ultimate strength values varied from 65.0 to 67.9,

yield strength values varied from 57.7 to 62.5, and elongation percentage

ranged from 7.8 to 9.8.

Hardness and Conductivity - Hardness and conductivity values met

the minimum values of 70 HRB and 31 percent IACS respectively. Results are

reported in Table 25.

Penetrant Inspection - All plates met the "no linear indication" r

requirement of penetrant inspection.

: I.1

"4 1
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TABLE 24. RESULTS OF RADIOGRAPHIC AND PENETRANT INSPECTION OF
MORRIS BEAN AND COMPANY (A201) PRODUCTION STEP PLATES

PLATE RADIOGRAPHIC QUALITY

DESIGNATED AREA (1) NON-DESIGNATED AREA (2)

" ASTM TYPE ASTM TYPE

PLATE NO. DEFECT PLATE NO. DEFECT

29-1 None 1 Dross

-2 None None

-3 None None

30-1 None None

-2 None I Dross

32-2 None None

-3 None None

33-1 None 1 and 2 Dross
2 Gas Hole

34-1 None None

-2 None None

35-1 None 1 and 2 Dross

-2 None None

36-1 None None

-3 None 1 Dross

20-2 None None

(1) Grade B quality was required. The maximum defect
was not to exceed ASTM Plate 1.

"(2) Grade C quality was required. The maximum defect
was not to exceed ASTM Plate 2 except gas porosity
and gas holes could not exceed ASTM Plate 3.

Penetrant quality of all plates was acceptable. No
re.:ord was kept of individual plate quality.
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TABLE 2 TENSILE PROPERTIES OF ATTACHED COUPON AND HARDNESS CONDUCTIVITY
TEST RESULTS OF (A201-T7) MORRIS BEAN AND COMPANY STEP PLATES

Attached Coupon Step Plate
Tensile Properties Rockwell Step Plate

-Step Plate UTS YS e Hardness Electrical Conductivity

Identification (ksl) (ksi) (%) (HRB) 1% IACS)

29-1 67.7 61.3 9.1 78 to 81 32

2 66.5 60.2 7.8 78 to 82 31

"3 67.7 61.3 8.2 78 to 81 32

30-1 67.9 61.7 8.1 76 to 78 31

2 67.3 60.8 8.8 75 to 76 31

32-2 65.4 59.5 9.8 81 to 82 33

3 65.0 59.2 9.1 79 to 80 33

33-1 66.5 61.2 8.3 80 33

34-1 67.5 62.0 9.7 79 32

2 67.1 61.2 9.5 80 to 82 32
r%

35-1 66.8 61.1 8.5 82 32

"68.0 62.5 7.9 77 to 80 31

36-1 67.1 60.3 8.9 81 32

3 67.8 62.1 8.3 79 to 81 32

20-2 66.1 57.7 9.3 75 to 76 33
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4. PROPERTY DETERMINATION

a. Introduction

The same procedure was used for the determination of material pooper-

ties of each alloy. The testing schedule sh .n in Table 26 was performed on

castings of each alloy. Specimens were excised from the step plate castings

as shown in Figures 91 and 92. Design property data was determined in both

designated and non-designated areas of the step plate; however, sufficient

testing was done only in the designated area to analyze the results for A and

B MIL-HDBK-5 properties on a statistical basis. Fracture toughness and fa-

tigue tests were performed for comparison on both alloys using material repre-
senting three specific conditions. These were (1) acceptable quality material

processed in the approved manner to represent optimum properties, (2) material

that was welded to restore defective material to an acceptable NDI quality, ,

and (3) defective material that was unacceptable because of radiographic

unsoundness. The fracture toughness specimens used for comparative evalua-

tions were all excised from a 0.5-inch thick section of the step plate.

Thicker specimens were excised from separately cast test blocks in an attempt

to obtain valid fracture toughness values. Crack growth specimens were pre-

pared from step plates of both alloys and were tested by the Air Force Materi-

als Laboratory. The test results are discussed in this report. The complete

AFWAL report is included as Appendixes F and G for reference. The statistical

analysis of the MIL-HDBK-5 design property data, which was performed by K

Battelle Columbus Laboratories, is also discussed in this section; however,

the complete analytical report is included as Appendix D.

b. Test Procedure C.
The test procedure and specimen configurations used for the determi-

nation of each property were as follows:

I. Tensile Tests

Tensile specimens shown in Figure 93 were excised from step plates

and tested per ASTM E8, "Tension Testing of Metallic Materials".
For elevated temperature tensile test, the procedure of ASTM E21

"Elevated Temperature Tensile Tests of Metallic Materials" was

fol lowed. I.
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Table 26. TESTING SCHEDULE FOR STEP

PLATE CASTINGS OF EACH ALLOY

Type Of Test Quantity Of Specimens To Be Tested From Each Area

Designated Non-designated Welded Defective
Area Area Area Area

Tensile (Ftu, Fty, e) 100 50 10 10

Compression (Cy) 10 10

Shear (Su) 10 10

Bearing (1.5 e/D)

(Fbry, Fbru) 10 10

Bearing (2.0 e/D)

(Fbry, Fbru) 10 10

Tens. Elev. Temp. 20

(250, 300, 350, 400F)

Notched Fatigue 20 10 10

Crack Growth 5
*Fracture Toughness (K0 ) 6 5 5

(*Thicker specimens were seperately cast to obtain KIC values - 5

specimens of each alloy were tested)
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S]1.000 IN. 0.188 IN.
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FIGURE 93. TENSILE SPECIMEN CONFIGURATION
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2. Compression Tests

Compression specimens shown in Figure 94 were excised from step
plates and tested per ASTM E9, "Compression Testing of Metallic

Materials at Room Temperature."

3. Shear Tests

'Shear coupons were excised from step plates, specimens machined to

the configuration shown in Figure 94, and tested in accordance

with the requirements of ASTM B565 "Shear Testing of Aluminum and

Aluminum-Alloy Rivets and Cold-Heading Wire and Rods."

hi'

4. Bearing Tests

Bearing specimens shown in Figure 94 were excised from step plates

and tested per ASTM E238, "Pin-type Bearing Test of Metallic

Materials."

5. Fracture Toughness Tests

Compact tension specimens shown in Figures 95, and 96 were ma-

chined from separately cast test blocks and the specimen shown in
Figure 97 was machined from the designated area of the step plate

and test'ed per ASTM E399, "Plane Strain Fracture Toughness of Me-

tallic Materials."

6. Crack Growth Tests

Testing of crack growth. specimens depicted in Figure 98 were con-

ducted in accordance with ASTM Standard E647, "Standard Method for

Constant-Lead-Amplitude Fatigue Crack Growth Rates Above 108 in/

cycle."
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FIGURE 94. COMPRESSION, SHEAR, AND BEARING TEST SPECIMEN CONFIGURATIONS
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"CAST BLOCK OF A201 ALLOY
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FIGURE 96. KIC FRACTURE TOUGHNESS SPECIMEN EXCISED FROM SEPARATELY
CAST BLOCK OF A357 ALLOY
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7. Notched Fatigue Tests

Notched fatigue specimens shown in Figure 99 were excised from

"step plate castings and tested in accordance with ASTM E466,

"Constant Amplitude Axial Fatigue Tests of Metallic Materials".

c. Results and Discussion

(1) A357 Alloy o

(a) Tensile Properties

The tensile property data derived from step plates submitted

. by each foundry are shown in Tables 27, 28, 29 and 30. The average tensile .

_ properties for Magnesium Alloy Products and Teledyne Cast Products were as

follows:

Magnesium Teledyne Cast
Alloy Products Products

UTS YS e UTS YS e
"(ksi) (ksi) (%) (ksi) (ksi) (.)

Designated Area

Average 55.0 46.3 6 53.4 45.3 5

Range 53.2 43.8 3 50.7 42.2 3

58.1 49.5 10 54.9 48.0 9

* Non-Designated Area

Average 54.4 45.6 6 50.5 43.7 3

Range 52.6 43.2 4 44.8 40.8 1 .

56.0 47.9 11 52.5 45.4 5

-- L.-
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TABLE 27. ROOM TEMPERATURE TENSILE PROPERTIES,
MAGNESIUM ALLOY PRODUCTS, DESIGNATED
AREA, A357 ALLOY

I Item Test Specimen TUS TYS e
1NO. Identification (ksi) (ksi) (%)

A2237/3-13
1 1 -T1 53.2 45.8 4
2 -T2 54.4 46.2 6
3 -T3 53.8 44.4 7
4 -T4 55.3 47.1 8

B2237/3-14
5 -TI 55.0 46.3 6
6 -T2 54.6 46.0 6
7 -T3 55.4 46.3 7
8 -T4 54.2 48.7 2

D2237/3-15
9 -Ti 58.1 49.5 8

10 -T2 57.3 49.1 5
11 -T3 57.4 48.1 7

A2244/2-17 :13 -T1 54.2 45.0 7
14 -T2 54.4 45.4 6

15 -T3 54.4 46.2 5
16 -T4 54.4 47.0 5

A2244/2-18
17 -TI 54.4 45.7 618 -T2 55.5 46.0 7

19 -T3 54.8 45.6 6
20 -T4 54.6 47.5 104

A2244/2-19 '

21 -T1 54.3 45.7 6

D2244/2-20S22 -'1" 56.6 47.3 8
S23 -T2 57.6 47.7 10 I
24 -T3 56.2 45.8 7

A2250/4-21

25 -T1 55.4 45.6 8
26 -T2 56.0 46.2 8
27 -T3 55.2 45.6 6
28 -44 54.6 48.4 4
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TABLE 27. ROOM TEMPERATURE TENSILE PROPERTIES,
MAGNESIUM ALLOY PRODUCTS, DESIGNATED
AREA, A357 ALLOY (Continued)

Item Test Specimen TUS TYS e
No. Identification (ksl) (ksi) (%)

B2250/4-22
29 -T1 55.2 46.1 7
30 -T2 55.0 46.4 7
31 -T3 54.8 45.8 6
32 -T4 53.6 47.7 3

B2250/4-24
33 -Ti 55.4 46.7 6

A2256/4-29
34 -Ti E54 6 44.8 6
35 -T2 54.8 45.0 8
36 -T3 54,1 44.8 8
37 -T4 56.2 47.0 8

B2256/4-30
38 -Ti 53.9 44.6 8
39 -T2 53.4 44.6 7
40 -T3 54.6 45.6 7
41 -T4 55.2 46.7 7

H2256/4-31
42 --Ti 54.4 45.3 7

D2256/4-32
43 -T1 55.0 46.8 6
44 -T2 56.4 47.7 9
45 -T3 55.6 46.0 6

D2258/4-34
46 -T i 53.4 47.5 3'.1
47 -42 55.4 47.4 6
48 -T 3 55.2 46,2 6
49 -T4 54.8 48.1 4

82258/4-35
50 -T i 54.0 45.8 6

Jl-2 54.2 46.0 6
52 -T4 52.6 47.1 3

H2258/4-36
53 -T 1 53.f. 45.2 8

C2301/O-37
54 -Ti 54.4 43.8 10
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TABLE 27. ROOM TEMPERATURE TENSILE PROPERTIES,
MAGNESIUM ALLOY PRODUCTS, DESIGNATED
AREA, A357 ALLOY (Concluded)

Item Test Specimen TUS TYS e
No. Identification (ksi) (ksi) (W)

G2301/3-38
55 -T1 55.7 45.8 8

G2301/3-39
56 -T1 55.2 44.6 8
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TABLE 28. ROOM TEMPERATURE TENSILE PROPERTIES,
MAGNESIUM ALLOY PRODUCTS, NON-DESIGNATED
AREA, A357 ALLOY

Item Test Specimen lbS TYS e
No. Identification (ksl) (ksi) M% K

1 F2237/3-13-T6 53.9 45.5 7
2 -T7 53.4 44.6 7
3 -T8 53.6 45.5 11
4 F2237/3-14-T6 54.6 46.0 6
5 -T7 53.4 46.2 3
6 F2237/3-15-T6 54.2 45.0 6
7 -T7 54.0 46.0 6
8 F2237/3-16-T6 55.6 47.9 5
9 F2244/2-17-T6 5E.O 46.8 6

10 -T7 55.0 45.3 9
11 JT8 52.6 44.6 9
12 F224A/2-18-T6 55.1 45.5 7
13 -T7 55.2 47.1 5
14 F2244/2-19-T6 54.4 45.0 6
15 V2244/2-20-T6 55.6 47.3 6
16 F225014-21-T6 55.4 46.2 6
17 -T7 56.0 46.8 6
18 -T8 55.2 47.2 9
19 F2250/4-22-T6 54.4 47.1 4
20 J7 55.0 47.0 6
21 F2250/4-24-T6 54.4 46.3 4
22 F2256/4-29-T6 54.4 44.5 9
23 -T7 54.8 44.8 8
-44 -T8 54.1 45.1 10
25 F2256/4-30-T6 54.0 45.2 8
26 -T7 53.6 44.0 6
27 F2256/4-314T6 54.3 44.2 9
28 F2256/4-32-T6 55.5 46.5 7
29 F2258/4-34-T6 55.2 46.6 7
30 -T7 54.4 46.0 6
31 -T8 54.5 46.1 9
32 F2258/4-35-T6 53.4 43.2 8
33 47 53.4 44.2 6
34 F2258/4-36-16 52.5 43.2 6
35 -T7 53.3 43.9 7
36 F2301/3-37-T6 54.6 46.3 6
37 F2301/3-384T6 54.1 45.3 7
38 F2301/3-39-T6 54.6 45.0 8
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TABLE 29. ROOM TEMPERATUJRE TENSILE PROPERTIES,
TELEDYNE CAST PRODUCTS, DESIGNATED
AREA, A357 ALLOY

Item Test Specimen TUS TYS e
No. Identification (ksi) (ksi)()

1 A79-TI 52.2 42.7 8
2 -T2 52.5 43.0 8
3 A80-Tl 50.7 42.4 6
4 -T2 50.9 42.2 8
5 -T3 51.3 42.7 7
6 B85-Tl 53.9 45.0 6
7 -T2 53.3 45.6 5
8 -T3 52.8 46.4 4
9 T4 52.7 46.8 3

10 A86-Tl 53.3 44.9 6
11 -T2 53.3 45.3 5
12 JT3 52.5 45.7 4
13 -T4 51.7 45.7 3
14 A87-Tl 53.7 45.7 4
15 -T2 54.9 46.3 6
16 -T3 54.0 46.6 5
17 -T4 53.7 46.7 5
18 H88-Tl 54.7 46.5 6
19 B89-Tl 53.9 43.9 9
20 B90-Tl 54.7 44.3 8
21 -.T2 53.5 44.6 6
22 -T3 52.8 44.9 5
23 44 52.5 45.4 4
24 A91-Tl 53.7 44.3 6
25 42 53.5 45.5 4
26 JT3 51.9 47.9 3
27 4T4 52.9 46.6 3
28 B92-Tl 52.9 45.2 4
29 4T2 53.9 45.7 5
30 4T3 54.7 47.1 4
31 414 54.3 48.0 4
32 H93-TI 54.4 45.1 8
33 B94-TI 54.4 45.2 7
34 JT2 53.9 44.9ý 6
35 -T3 53.1 46.2 4
36 -T4 52.7 47.1 3
37 A95-Tl 53.5 46.2 3
38 -T2 53.5 46.5 4
39 -T3 54.2 46.7 5
40 -J4 53.7 46.7 5
41 A96-TI 54 .1 44.2 7
42 H97-Tl 54.2 44.3 8
43 B98-Tl 54.3 43.9 7
44 4T2 52.2 44.3 5
45 4T3 52.7 45.1 4
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TABLE 29. ROOM TEMPERATURE TENSILE PROPERTIES,
TELEDYNE CAST PRODUCTS, DESIGNATED
AREA, A357 ALLOY (Concluded)

Item Test Specimen TUS TYS e
No. Identi fication (ksl) (ksl) (%)

46 -T4 54.1 44.8 7
47 A99-Tl 54.7 44.3 8
48 -T2 53.7 45.0 6
49 -T3 53.9 45.5 6
50 -T4 53.7 44.9 6
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TABLE 30. ROOM TEMPERATURE TENSILE PROPERTIES,
TELEDYNE CAST PRODUCTS, NON-DESIGNATED
AREA, A357 ALLOY

Item Test Specimen TUS TYS e
No. Identification (ksi) (ksl) (%)

I A79-T6 44.8 40.8 2
2 -T7 48.2 41.6 3
3 A80-T6 47.3 41.4 3
4 -T7 47.4 41.4 3
5 A81-T6 49.1 42.5 4
6 B85-T6 51.3 44.5 3
7 -T7 51.5 44.3 3
8 A86-T6 51.2 43.9 4
9 -T7 51.3 43.9 4

10 A87-T6 52.5 45.4 4
11 -T7 51.1 44.9 3
12 H88-T6 52.1 44.9 4
13 B89-T6 50.5 44.3 3
14 B90-T6 51.1 44.1 4
15 -T7 51.0 43.6 5
16 A91-T6 49.1 43.1 2
17 -T7 52.1 44.4 5
18 B92-T6 49.5 43.7 2
19 -T7 52.7 45.3 4
20 H93-T6 50.3 44.2 3
21 -T7 52.1 44.5 4
22 B94-T6 49.3 41.8 3
23 -T7 50.9 44.3 3
24 A95-T6 51.0 45.2 3
25 -T7 52.9 45.2 4
26 A96-T6 50.3 42.2 4
27 H97-T6 49.9 43.5 3
28 -T7 52.5 45.3 4
29 B98-T6 50.5 43.9 4
30 -T7 51.9 44.3 5
31, A99-T6 48.9 43.0 1
32 -T7 51.1 42.7 4
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The similarity of tensile properties in designated and non-designated areas
of plates from Magnesium Alloy Products reflected a similarity of quality in

the two areas. Each foundry was asked to downgrade the radiographic quality
in the non-designated areas from Grade B to Grade C. This was only partially

accomplished. Since the non-designated area from which most of the tensile

specimens were excised was 3/4 inch thick, the radiographic flaws may have
been removed during the machining of the 1/4-inch diameter R3 tensile speci-

"men. :oome evidence of quality degradation was shown in the lower properties

of non-designated areas of the Teledyne Cast Products Company step plates.

The effect of radiographic unsoundness on tensile properties is discussed

later in the report.

"(b) Compression, Bearing, and Shear Properties

The average compression yield strength values were as

follows:

Designated Non-designated
Areas Areas

CYS CYS
(ksi) (ksi)

Magnesium Alloy Products 48.5 47.2
Teledyne Cast Products 45.8 45.6

Combined 47.2 46.4

The test results are shown in Tables 31, 32, 33 and 34 along

with correlated tensile property values.

The average shear ultimate strength values were as follows:
Designated Nondesignated

Areas Areas
SUS SUS

(ksi) (ksi) -
Teledyne Cast Products 34.1 33.8

Magnesium Alloy Products 34.7 34.2

Combined 34.4 34.0

The test values and correlated tensile properties are shown in

Tables 31, 32, 33 and 34.
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TABLE 31. COMPRESSION, SHEAR, AND BEARING PROPERTIES

OF A357 STEP PLATES MAGNESIUM ALLOY PRODUCTS,
DESIGNATED AREA

Compression Yield Strength (CYS):
STensile Ultimate Strength

(Tus) or Tensile Yield
Strength (Tys) of Companion

Tensile Specimen

Item Specimen CYS TYS Identification
No. Identification (ksi) (ksi)

1 A2237/3-13-Cl 47.6 47.1 A2237/3-13-T4
2 A2244/2-17-C1 47.9 47.0 A2237/3-13-T4
3 A2256/4-29-C1 47.6 47.0 A2256/4-29-T4
4 A2258/4-34-C1 50.0 48.1 A2258/4-34-T4
.5 A2250/4-21-C1 49.4 48.4 A2250/4-21-T4

Shear Ultimate Strength (SUS):

"Item Specimen SUS TUS Identification
"No. Identification (ksi) (ksi)

1 A2237/3-13-S1 33.9 55.3 A2237/3-13-T4
2 A2244/2-17-Sl 35.0 54.4 A2233/2-17-T4
3 A2256/4-29-Sl 34.6 56.2 A2256/4-29-T4
4 A2258/4-34-S1 34.9 54.8 A2258/4-34-T4
5 A2250/4-21-Sl 35.2 54.6 A2250/4-21-T4

Bearing Yield and Ultimate Strength Properties (BYS and BUS):

Item Specimen BYS BUS TYS TUS

No. Identification (ksi) (ksi) (ksl) (ksl) Identification

e/D = 1.5

1 B2237/3-14-B1 75.4 94.2 48.7 54.2 B2237/3-14-T4
2 B2250/4-22-81 75.8 95.0 47.7 53.6 B2250/4-22-T4
3 82244/2-18-Bl 75.9 95.7 47.5 54.6 B2244/2-18-T4
4 B2256/4-30-B1 74.2 92.8 45.4 54.3 B2256/4-30-T4
5 B2258/4-35-81 74.7 91.8 47.1 52.6 B2258/4-35-T4

e/D = 2.0

1 A2237/3-13-81 83.3 117.2 47.1 55.3 A2237/3-13-T4
2 A2244/2-17-B1 88.0 107/5 47.0 54.4 A2244/2-17-T4
3 A2250/4-21-B1 85.8 122.2 48.4 54.6 A2250/4-21-T4
4 A2256/4-29-B1 89.4 119.8 47.0 56.2 A2256/4-29-T4
5 A2258/4-34-B1 89.8 117.4 48.1 54.8 A2258/4-34-T4
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TABLE 32. COMPRESSION, SHEAR, AND BEARING PROPERTIES
OF A357 STEP PLATES MAGNESIUM ALLOY PRODUCTS,
NON-DESIGNATED AREA

Compression Yield Strength (CYS)

Ultimate and Yield
Strength of Companion

Tensile Specimen

Item Specimen CYS TYS Identification
No. Identification (ksi) (ksi)

1 F2237/3-13-C2 46.2 45.5 F2237/3-13-T6
2 F2244/2-17-C2 46.8 46.8 F2237/3-17-T6
3 F2250/4-21-C2 48.0 46.2 F2250/4-21-T6-.
4 F2256/4-29-C2 46.5 44.5 F2250/4-21-T6
5 F2258/4-34-C2 48.6 46.6 F2258/4-34-T6

Shear Ultimate Strength (SUS)

Item Specimen SUS TUS Identification
No. Identification (ksi) (ksi)

I.

1 F2237/3-13-S2 33.0 53.4 F2237/3-13-T7
2 F2244/2-17-S2 33.8 55.0 F2244/2-17-T7
3 F2250/4-21-S2 34.9 56.0 F2250/4-21-T7
4 F2256/4-29-$2 34.5 54.8 F2256/4-29-T7
5 F2258/4-34-S2 34.9 54.4 F2258/4-34-T7

Bearing Yield and Ultimate Strength Properties (BYS and BUS)

Item Specimen BYS BUS TYS TUS
No. Identification (ksi) (ksi) (ksi) (ksi) Identification

e/D 1.5

1 F2237/3-13-B2 72.3 89.6 45.5 53.6 F2237/3-13-T8
2 F2244/2-17-B2 72.4 90.5 44.6 52.6 F2244/2-17-T8
3 F2250/4-21-B2 75.7 94.8 47.2 55.2 F2250/4-21-T8
4 F2256/4-29-B2 71.9 88.8 45.1 54.1 F2256/4-29-T8
5 F2258/4-34-B2 74.5 94.1 46.1 54.5 F2258/4-34-T8

e/D 2.0

1 F2237/3-13-B3 82.6 113.3 44.6 53.4 F2237/3-13-T7
2 F2244/2-17-B3 89.3 115.0 45.3 55.0 F2244/2-17-T7
3 F2250/4-21-B3 -87.1 116.7 46.8 56.0 F2250/4-21-T7
4 F2256/4-29-B3 91.9 119.8 44.8 54.8 F2256/4-29-T7
5 F2258/4-34-B3 90.5 117.1 46.0 54.4 F2258!4-34-T7
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TABLE 33. COMPRESSION, SHEAR, AND BEARING PROPERTIES
OF A357 STEP PLATES TELEDYNE CAST PRODUCTS,
DESIGNATED AREA

Compressive Yield Strength (CYS) Yield and Ultimate
Strength of Companion

Tensile Specimen

Item Specimen (CYS) TYS Identification
No. Identification (ksi) (ksi)

1 A86-C1 46.3 45.7 A86-T4
2 A87-C1 45.4 46.7 A87-T4
3 A91-C1 46.1 46.6 A91-T4
4 A95-C1 47.1 46.7 A95-T4
5 A99-C1 44.1 44.3 A99-T4

Shear Ultimate Strength (SUS)

Item Specimen (SUS) TUS Identification
No. Identification (ksi) (ksl)

1 A86-S1 33.7 51.7 A86-T4
2 A87-S1 33.9 53.7 A87-T4
3 A91-S1 34.2 52.9 A91-T4
4 A95-S1 34.5 53.7 A95-T4
5 A99-S1 34.0 53.7 A99-T4

Bearing Yield and Ultimate Strength Properties (BYS and BUS)

Item Specimen BYS BUS TYS TUS Identification
No. Identification (ksi) (ksi) (ksi) (ksl)

e/D =1.5

1 B85-B1 74.0 92.4 46.8 52.7 B85-1T4
2 B90-Bl 72.3 91.6 45.4 52.5 B90-T4
3 B92-B1 78.3 93.4 48.0 54.3 B92-T4
4 B94-B1 73.0 91.6 45,2 54.4 B94-T4
5 B98-B1 69.4 90.6 44.8 54.1 B98-T4

e/D = 2.0

1 A86-B1 84.6 117.1 45,7 51.7 A86-T4
2 A87-B1 86.4 118.3 46,7 53.7 A87-T4
3 A91-B1 89.4 118.1 46.6 52.9 A91-T4
4 A95-B1 88.4 119.0 46.7 53.7 A95-T4
5 A99-B1 82.0 114.6 44.3 53.7 A99-T4
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TABLE 34. COMPRESSION, SHEAR, AND BEARING PROPERTIES
OF A357 STEP PLATES TELEDYNE CAST PRODUCTS,
NON-DESIGNATED AREA

Compressive Yield Strength (CYS) Yield and Ultimate ,
Strength of Companion

Tensile Specimen

Item Specimen CYS) TYS Identification
No. Identification (ksi) (ksl)

1 F86-C2 46.4 43.9 F86-T6
2 F87-C2 45.6 45.4 F87-T6
3 F91-C2 45.9 43.1 F91-T6
4 F95-C2 46.2 45.2 F95-T6
5 F99-C2 44.1 43.0 F99-T6 .

Shear Ultimate Strength (SUS)

Item Specimen (SUS) TUS Identification
No. Identification (ksi) (ksi)

1 F86-S2 33.0 51.3 F86-T7
2 F87-52 34.4 51.1 F87-T7
3 F91-S2 34.2 52.1 F91-T7
4 F95-S2 34.1 52.9 F95-T7
5 F99-s2 33.3 51.1 F99-T7

. Bearing Yield and Ultimate Strength Properties (BYS and BUS)

"" Item Specimen BYS BUS TYS TUS Identification
No. Identification (ksi) (ksi) (ksi) (ksi)

e/D 1.5

1 F86-B3 72.7 90.9 43.9 51.2 F86-T6
A 2 F87-B2 88.5 92.6 45.4 52.5 F87-T6

3 F91-B2 68.8 90.7 43.1 49.1 F91-T6
4 F95-82 72.8 93.3 45.2 51.0 F95-T6
5 F99-B? 71.0 92.7 43.0 48.9 F99-T6

e/D 2.0

I F86-B2 85.7 117.0 43.9 51.3 F86-T7
2 F87-B3 88.1 117.8 44.9 51.1 F87-T7
3 F91-B3 87.2 116.9 44.4 52.1 F91-T7
4 F95-B3 86.2 116.9 45.2 52.9 F95-T7
5 F99-B3 83.9 113.3 42.7 51.1 F99-T7
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The bearing ultimate and yield strength properties at edge distances/diameter
'*. of hole (e/D) ratios of 1.5 and 2.0 are shown in Tables 31, 32, 33 and 34;

companion tensile properties of the same material are also shown. The average

bearing ultimate strength (BUS) and yield strength (BYS) were as follows:

Designated Non-designated
' Areas Areas

e/D ratio e/D ratio e/D ratio e/D ratio

1.5 2.0 1.5 2.0

"BUS BYS BUS BYS BUS BYS BUS BYS

(ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)

Magnesium Alloy Products 93.9 75.2 117.2 83.3 91.6 73.4 113.3 82.6

Teledyne Cast Products 91.9 73.4 117.4 86.2 92.4 74.8 116.4 86.2

Combined 92.9 74.3 117.3 84.7 92.0 74.1 114.8 84.4

(c) Design Property Determination - Tensile Properties
I'

Magnesium Alloy Products and Teledyne Cast Products provided

data on 106 tensile tests of designated areas in 36 step plate castings that

were produced in 11 melts and 4 heat treatment lots. Statistical A and B ten-

sile property values determined by Battelle Columbus Institute for sand com-

* posite A357-T6 aluminum alloy castings, were as follows:

Designated Area
Property Value

A B

Ftu (ksi) 50.6 52.2
Fty (ksi) 42.1 43.7

Similar design allowable tensile property values could not be determined in

non-designated areds of the step plates, since the values from the two suppli-

ers varied significant from each other so that they could not be combined into

one population. Data available for the separate populations were insufficient

for the determination of A or B allowables.
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Compression, Bearing, and Shear Property Ratio - All property values

were compared to a companion tensile property value to establish a property

ratio. The average ratio determined for each property was as follows:

Magnesium Alloy Products Teledyne Cast Products

Property e/D Designated Non-designated Designated Non-designated
Ratio Ratio Area Area Area Area

0.500 inch 0.750 inch 0.500 inch 0.750 inch

CYS/TYS 1.021 1.029 0.996 1.035

SUS/TUS 0.631 0.625 0.641 0.654

BUS/TUS 1.5 1.743 1.696 1.715 1.822

BYS/TYS 1.5 1.591 1.605 1,594 1.693

BUS/TUS 2.0 2.122 2.127 2.210 2.251

BYS/TYS 2.0 1.837 1941 1.873 1.950

The following results were obtained by combining the ratios of test

results from each foundry for designated and non-designated casting areas.

Property e/D Magnesium Teledyne
Ratio Ratio Alloy Products Cast Products Combined

CYS/TYS 1.015 0.999 1.011

SUS/TUS 0.621 0.640 0.632

BLUS/TUS 1.500 1.697 1.728 1.721

BYS/TYS 1.500 1.584 1.578 1,589

BUS/TUS 2.000 2.084 2.203 2.147

BYS/TYS 2.000 1.837 1.883 1.873

(d) Proposed Specification Values

"The recommended minimum specification values for designated

Sareas of A357-T6 sand composite castings are as follows:

50 ksi tensile ultimate strength

40 ksi tensile yield strength K

3 percent elongation

2;
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The tensile ultimate strength and tensile yield strength val-

ues are based on the A values statistically determined from step plate data.

The 3-percent elongation value was based on the lovest value that repeated in

the data used for TUS and TYS determiAations. The recommended minimum spec-

ficatlon values for A357-T6 non-designated casting areas are as follows:

45 ksl tensile ultimate strength

38 ksi tensile yield strength

2 percent elongation

These values are based on 10 percent reduction of TUS from

the 50 ksi required in designated areas. The 10-percent reduction was allowed

"* to account for the variations in DAS and radiographic quality in these areas

of the castings. A reduction of yield strength to 38 ksi, 2 ksi less than the

40 ksi required in designated areas, was judged adequate to account for any

metallurgical differences that would retard aging in these areas of the cast-

ing. Of the 70 tests from the non-designated areas of the step plates, a 2

"percent elongation value was the lowest value that repeated in more than one

test.

(e) Design Property Table

The proposed design allowable property information (Table 35)

was derived by using the proposed minimum specification strength values of

designated and non-designated areas of A357-T6 casting material and the

derived ratios for determining compression, shear, and bearing values.

"(f) Elevated Temperature Tensile Properties

Elevated tensile testing was performed ýst temp..'aaures of

250F, 300F, 350F, and 400F. The results are shown in Tables 36 and 37 an~d are

compared in Figure 100. In general, all properties decreased with increased

temperatures, with the exception of elongation where its value remained fairly

constant in the range o-1 350F to 400F,
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TABLE 35. PROPOSED MIL-HDBK-5 TABLE FOR DESIGN MECHANICAL AND

PHYSICA1. PROPERTIES OF A357.0 ALUMINUM ALLOY CASTING

Specification (Proposed AMS XXXX)

Form Casting

Condition T6

Thickness, In. 0.500
Location Designated Area Non-designated Area

Basis A B S

Mechanical properties:
Ftu, ksi 50 51 45

Fty, ksi 40 43 36

Fcy, ksi 40 43 36

Fsu ksi 31 32 28

Fbru, ksi:

(e/) = 1.5) 86 88 77
(e/I) = 2.0) 107 109 96

Fbry, ksi:

(e/I 1.5) 63 68 57
(e/D =2.0) 75 80 67

e, per cent 3 2

E 103 ksi 10.4
Ec, 103 ksi 10.5
Go 103 ksi 3.9

0.33

Physical properties:
lb/in. 3  0.097

C, Btu/(lb)(F) 0.23 (at 212F)
K, Btul[(hr)(ft 2 ((F)/ft] 88 (at 77F)
a, 1O0 in./in./F 12.0 (68 to 212F)
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Table 36. ELEVATED TEMPERATURE TENSILE PROPERTIES,
MAGNESIUM ALLOY PRODUCTS, A357 ALLOY

Specimen Tensile Properties
Identification Test Temperature, TUS TYS, e,

(F) (ksi (ksi) (%)

13T5 250 45.2 38.3 9
14T5 250 45.3 38.2 12
17T5 250 45,2 38.7 10

18T5 300 41.4 36.8 7
21T5 300 42.3 37.7 8

2 2T5 350 39.3 36.3 9
29T5 350 39.3 36.0 8
30T5 350 38.7 35.5 7

34T5 400 34.9 31.9 6
35T5 400 35.2 32.8 8

"Table 37. ELEVATED TEMPERATURE TENSILE PROPERTIFS,
TELEDYNE CAST PRODUCTS, A357 ALLOY V,

Specimen Tensile Properties
Identification Test Temperature, TUS, TYS, e,

(F) (ksi) (ksi) (%)

85T-5 250 45.7 40.3 11
86T-5 250 45.6 40.4 10

87T-5 300 42.1 36.9 10
90T-5 300 42.1 36.8 10
91T-5 300 42.5 37.3 10

92T-5 350 39.9 36.7 8
"94T-5 350 39.6 35.7 7

95T-5 400 37.2 35.4 8
98T-5 400 36.4 34.4 8
99T-5 400 37.3 34.9 0

222



54 1
52 MAGNESIUM ALLOY PRODUCTS r

-.... TELEDYNE CAST PRODUCTS

- 50 -

46

TUS K

* 42

(~40

SL.

' 38

36

34

30L

S10 • . 'Y ' ELONGATION
o,. 9 ,, ý

z 6 .. = .. .I
08

• • 4

250 300 350 400

TEST TEMPERATURE, F
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(g) Fracture Toughness Properties

The fracture toughness properties obtained from a separately

cast test block, 0.8-inch thick, were as follows:

Yield Fracture Reason Producing
Specimen Strength Toughness Not Valid Foundry

(ksi) (ksi in )
9193-1 46.1 25.4 b Teledyne Cast Products

9193-4 46.0 26.6 c, d Teledyne Cast Products

2237-3-7 44.1 26.7 a, b, c, d Magnesium Alloy

2244-2-8 45.2 25.7 c, c, d Magnesium Alloy

2258-4-9 44.1 26.4 a, b, c, d Magnesium Alloy

Average 26.1

a = Crack length >0.55 W

b = Crack length ;t surface I is less than 85 percent of average crack

length

c Crack length at surface 2 is less than 85 percent of average crack

length

d Thickness is less than 2.5 KL. YS

The effect of weld repair and radiographic unsoundness on

the fracture toughness properties Is discussed later In the report.

(h) Notched Fatigue Properties

The notched fatigue results are plotted in Figure 101.

These specimens were taken from the designated area of the step plate cast-

ings. The endurance limit for the material appears to be between 12.5 and 15

ksi. The effect of weld repair and radiographic unsoundness on the fatigue

properties is discussed later in the report.
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(i) Crack Growth Properties

Five crack growth specimens were excised from the designated
area of five step plate castings produced by two foundries and forwarded to
the AFWAL Materials Laboratory for testing. The crack growth rates of materi-

and results was prepared by 4on D. Tirpak, 2Lt, USAF. The text of this report
is included in the Appendixes F and G. The results are summarized in Figures

101 and 102.

(2) A201 Alloy

(a) Tensile Properties

The tensile test results of specimens excised from step
plates are listed in Tables 38, 39, 40 and 41. The following summarizes these

results:

Smlthford Morris Bean
Products Company and Company

TUS TYS e TUS ryS e
(ksi) (ksi)(%) (ksi) (ksi)(%)

Designated Area:
Average 64.0 58.0 6 65.8 60.2 6
Minimum 59.9 S3.7 2 62.8 56.2 2
Maximum 69.0 62.7 11 69.6 63.4 9

Non-designated Area:
Average 60.5 55.3 4 65.4 61.2 3

Minimum 55.4 50.7 3 62.9 57.7 1
"Maximum 66.6 58.1 8 67.6 63.6 9
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TABLE 38. ROOM TEMPERATURE TENSILE PROPERTIES,
DESIGNATED AREA, SMITHFORD PRODUCTS,
A201 ALLOY

Item Test Specimen TUS TYS e
No. Identification (ks1) (ksi) (W)

1 AlO1-Tl 60.7 55.0 8
2 -T2 66.5 60.5 6
3 -T3 68.9 62.6 5
4 -T4 60.9 55.0 7
5 A104-T1 60.4 54.5 8
6 -T2 65.5 59.0 6
7 -T3 59.9 53.8 7
8 -T4 68.8 62.7 5
9 A107-T1 60.6 54.6 8

10 -T2 65.9 59.8 6
11 -T3 60.7 54.4 7
12 -T4 68.5 62.6 5
13 A110-Tl 59.9 53.9 8
14 -T2 65.5 59.2 6
15 -T3 60.5 54.6 7
16 -T4 69.0 63.1 5
17 A113-T1 63.1 57.0 5
18 -T2 66.3 60.9 4
19 -T3 63.5 57.4 6
20 -T4 65.6 62.0 2
21 A106-T1 62.6 57.0 5
22 B102-Ti 62.8 57.4 5
23 -T2 67.1 60.9 5
24 -T3 62.2 56.8 6
25 -T4 67.2 62.6 3
26 8105-Tl 62.6 56.2 6
27 -T2 66.3 59.4 6
28 -T3 62.7 56.0 6
29 -T4 65.9 60.6 4
30 B108-Ti 63.3 57.4 6
31 -T2 66.5 60.6 5
32 -T3 63.1 57.2 6
33 -T4 65.4 62.4 2
34 Bll1-Ti 63.2 56.7 6
35 -T2 66.9 61.4 5

I 36 -T3 62.8 56.6 5
37 -T4 67.0 62.4 2
38 8114-Tl 62.6 55.4 6
39 -T2 67.2 60.8 6
40 -T3 62.9 56.2 6
41 -T4 65.5 61.1 3

A 42 B109-Ti 62.7 56.0 7
43 H103 66.3 60.1 5
44 H112 67.1 60.6 5
45 H115 60 1 54.3 6
46 n119-Tl 61.1 53.7 11
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TABLE 38. ROOM TEMPERATURE TENSILE PROPERTIES,

*' DESIGNATED AREA, SMITHFORD PRODUCTS,N A201 ALI.OY (Concluded)

Item Test Specimen TUS TYS e
No. Identification (ksi) (ksl) (%)
47 D120-T1 61.3 54.5 10
48 D121-TI 61.1 54.1 11
49 Cl14-T1 66.6 59.0 8
50 G123-TI 60.6 54.1 9
51 G124-T1 60.0 53.7 10
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TABLE 39. ROOM TEMPERATURE TENSILE PROPERTIES, NON-
DESIGNATED AREA, SMITHFORD PRODUCTS, A201 ALLOY

Item Test Specimen TUS TYS e
No. Identification (ksl) (ksi) (%)

1 F101-T6 58.0 53.4 5
2 -T7 58.2 52.9 6
3 -T8 62.9 56.8 7
4 F104-T6 56.1 51.1 5
5 -T7 58.3 53.0 5
6 -T8 63.9 58.1 6
7 F107-T6 56.3 51.1 5
8 -T7 56.0 51.2 5
9 -T8 64.8 58.1 8

10 FllO-T6 55.4 50.7 5
11 -T7 56.8 51.9 4
12 -T8 65.6 59.6 7
13 F113-T6 59.5 55.4 3
14 -T7 60.7 55.8 4
15 -T8 66.6 58.8 7
16 F106-T6 62.9 57.4 5
17 F102-T6 60.3 55.6 4
18 -T7 61.4 57.3 4
19 F105-T6 61.3 55.8 4
20 -T7 62.1 56.0 5
21 F108-T6 61.1 56.6 3
22 -T7 61.6 56.8 4
23 F111 -T6 62.1 57.2 4
24 Flll-T7 61.1 56.1 4
25 F114-T6 60.7 55.6 4
26 -T7 61.3 56.0 3
27 F109-T6 59.1 54.8 3
28 F103-T6 60.6 55.4 3
29 -T7 60.1 55.0 4
30 F112-T6 60.3 55.7 3
31 -T7 60.8 56.0 4
32 F115-T6 58.4 53.1 5
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TABLE 40. ROOM TEMPERATURE TENSILE PROPERTIES,
DESIGNATED AREA, MORRIS BEAN AND COMPANY,
A201 ALLOY

Item Test Specimen TUS TYS e
No. Identification (ksi) (ksi) W%

1 A201-TI 63.9 61.5 3
2 4T2 65.9 60.0 6
3 JT3 65.7 59.9 5
4 -T4 68.5 63.4 5
5 B202-Tl 65 2 58.8 6
6 -T2 63.6 56.4 9
7 J13 63.9 57.4 5
8 -14 66.5 59.2 8
9 H203-Tl 65.6 59.4 8

10 A204-TI 65.9 59.9 5
11 -T2 67.0 60.4 8
12 -T3 65.4 59.9 5
13 -T4 67.2 60.8 9
14 B205-Tl 65.1 61.9 4
15 -T2 65.6 60.1 5
16 -J3 66.5 60.5 4
17 JT4 69.6 63.2 7
18 A206-Tl 64.9 61.5 4
19 A207-TI 64.2 60.7 4
20 JT2 66.1 59.7 6
21 -J3 64.8 60.2 3
22 JT4 67.2 60.8 8
23 B208-Tl 63.8 61.1 4
24 -T2 63.8 57.7 7
25 -43 62.8 58.3 3
26 -44 67.2 60.2 8
27 8209-Tl 65.0 63.1 3
28 A210-Tl 64.6 62.0 2
29 412 67.3 60.0 5
30 -43 64.8 60.0 4
31 4T4 69.3 62.7 8
32 B211-Tl 65.7 58.9 6
33 -42 .66.6 58.4 8
34 -43 65.7 62.2 6
35 -T4 67.5 60.4 9
36 H212-TI 66.9 60.7 6
37 A213-Tl 66.3 60.4 4
38 -12 67.7 61.1 7
39 JT3 66.4 60.1 5
40 -J4 62.9 56.2 7
41 B214-Tl 64.0 59.3 3
42 -T2 64.5 58.9 6
43 -43 64.7 60.3 4
44 -T4 67.8 63.1 8
45 H215-Tl 66.1 59.6 6
46 D219-Tl 64.6 59.8 5
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TABLE 40. ROOM TEMPERATURE TENSILE PROPERTIES,
DESIGNATED AREA, MORRIS BEAN AND COMPANY,
A201 ALLOY (Concluded)

Item Test Specimen TUS TYS e

No. Identification (ksi) (ksi) (%)

47 0220-11 64.9 58.9 7
4B 0221-Ti 65.6 60.3 5
49 C222-T1 68.1 61.3 7

so G223-T1 64.4 59.8 5

' 51 G224-T1 65.2 60.8 5

52 H225-T1 67.5 60.9 8

'.!
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TABLE 41. ROOM TEMPERATURE TENSILE PROPERTIES, NON-
DESIGNATED AREA, MORRIS BEAN AND COMPANY,
AZ01 ALLOY

Item Test Specimen TUS TYS e
No. Identification (ksl) (ksl) (W)

1 F201-T6 65.5 61.7 4
2 -T7 63.9 61.7 1
3 -T8 66.0 57.7 7
4 F202-T6 65.9 59.4 5
5 -T7 64.7 58.1 5
6 F203-T6 67.4 63.6 3
7 -T7 67.6 60.3 3
8 F204-T6 63.0 61.2 2
9 -T7 67.2 61.8 5

10 -T8 67.3 60.7 8
11 F205-46 66.4 63.0 4
12 -47 64.3 61.8 2
13 F206-T6 66.8 61.9 2
14 F207-T6 65.2 62.0 3
15 -T7 65.5 61.5 3 C
16 -T8 67.2 60.3 8
17 F208-T6 66.0 61.5 4
18 , -T7 63,3 60.3 2
19 F209-T6 67.4 62.0 3
20 F210-46 64.5 62.0 3
21 J7 64.9 62.0 2 06
22 -T8 66.9 59.3 9 4'I

23 F211-T6 65.2 61.8 3
24 -T7 64.9 60.8 4
25 F212-T6 64.3 62.8 2
26 -T7 67.3 62.4 4
27 F213-T6 65.1 61.8 3
28 4%7 65.6 61.7 3
29 -T8 62.5 59.7 6

S30 F214-T6 65.7 63.0 2
31 -T7 62.9 61.0 2
32 F215-T6 65.5 62.0 2
33 F225-T6 63.6 59.6 5

Ki
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(b) Compression, Bearing, and Shear Properties

Compression Shear Strength: Test values for each compression

specimen are listed in Tables 42, 43, 44 and 45. Average compression yield

strength values were as follows:

Designated Area Non-designated Area
CYS CYS

(ksi) (ksi)

Smithford 64.7 55.3
Products Company

Morris Bean 64.1 58.9
and Company

Combined 64.4 57.1

Shear Strength: Shear strength test results are listed in

Tables 42, 43, 44 and 45. Average shear ultimate strength values were as

follows:
Designated Area Non-designated Area

SUS SUS
(ksi) (ksi)

Morris Bean 40.2 39.4
and Company

Smithford 41.0 38.8
Products Company

Combined 40.6 39.1

Bearing Properties: Bearing property test results with e/D

ratios of 1.5 and 2.0 are shown in Tables 42, 43, 44 and 45. The average

bearing ultimate and yield scrength values were as follows:

Designated Area Non-designated Area

e/D Ratio e/D Ratio e/D Ratio e/D Ratio
L5 2.0 1.5 2.0

BUS BYS BU; BYS BUS BYS BUS B" 'SS(ksi) (ksi) (ksi) (ksi) (ksi) (ksi) 'ksi) (ksi)

Smithford 99.5 88.7 136.9 111.1 107.4 87.8 127.5 99.2
*. Products Company

Morris Bean 110.0 93.7 142.4 112.6 108.4 90.4 129.7 104.4
and Company

Combined 104.8 91.2 139.6 111.8 107.9 89.1 128.6 101.8
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TABLE 42. COMPRESSION, SHEAR, AND BEARING
PROPERTIES OF A201 STEP PLATES
SMITHFORD PRODUCTS, DESIGNATED
"AREA

Compression Yield Strength (CYS)

Ultimate and Yield
Strength of Companion

Tensile Specimen

Item Specimen CYS TYS Identification
No. Identification (ksl) (ksi)

1 A101-Cl 64.7 55.0 A104-T4
2 A104-Cl 65.3 62.7 A104-T4
3 A107-Cl 64.8 62.6 A107-T4
4 Al10-Cl 65.5 53.1 A110-T4
5 A113-C1 63.4 62.0 A113-T4

Shear Ultimate Strength (SUS)

Item Specimen SUS TUS
No. Identification (ksi) (ksi)

1 A101-SI 41.0 60.9 A1O1-T4
2 A104-SI 41.3 68.8 A104-T4
3 Ai07-S! 41.2 68.5 A107-T4
4 A11O-SI 41.2 69.0 A11O-T4
5 A113-SI 40.1 65.6 A113-T4

9--aring Yield and Ultimate Strength Properties (BYS and BUS) L

Item Specimen f) YS BUS TYS TUS
No. Identification (ksl) (ksl) (ksi) (ksi)

e/D 1.5

1 B102-Bl 89.9 95.2 62.6 67.2 B102-T4
2 B1O5-GI 88.1 98.7 60.6 65.9 B1OS-T4
3 B108-B1 90.1 100.9 62.4 65.4 B108-T4'4 B11-B1 88.6 99.1 62.4 67.0 B111-T4

5 BU14-B1 86.7 103.6 61.1 65.5 B114-T4

e/D =2.0

1 A101-BI 131.4 134.6 55.0 60.9 B101-T4
2 A104-B1 107.0 136.1 62.7 68.8 B101-T4
3 A107-B1 107.0 139.6 62.6 68.5 B107-T4
4 A110-Bl 103.8 137.9 63.1 69.0 A11O-T4
5 A113-B1 106.3 136.2 62.0 65.6 A113-T4
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TABLE 43. COMPRESSION, SHEAR, AND BEARING
PROPERTIES OF A201 STEP PLATES,
SMITHFORD PRODUCTS, NON-DESIGNATED
AREA

Compression Yield Strength (CYS)

Ultimate and Yield
Strength of Companion

Tensile Sp, cimen

Item Specimen CYS TYS Identification
No. Identification (ksi) (ksi)

1 F101-C2 55.3 53.4 F101-T6
2 F104-C2 54.5 51.1 F104-T6
3 F107-C2 54.8 51.1 F107-T6
4 F110-C2 55.1 50.7 F10O-T6
5 F113-C2 57.0 55.4 F113-T6

Shear Ultimate Strength (Sus)

Item Specimen SUS TUS
No. Identification (ksi) (ksi)

1 F101-S2 39.9 58.2 F101-T7
2 F104-$2 39.5 58.3 F104-T7
3 F107-S2 37.2 56.0 F107-T7
4 F110-S2 39.4 56.8 FIO-T7
5 F113-S2 37.9 60.7 F113-T7

Bearing Yield and Ultimate Strength Properties (BYS and BUS)

Item Specimen BYS BUS TYS TUS

No. Identification (ksi) (ksi) (ksi) (ksi)

e/D =_1.5

1 F101-B2 87.1 106.1 56.8 62.9 F1O1-T8
2 F104-B2 88.2 107.3 58.1 63.9 F104-T8
3 FI07-B2 88.2 108.7 58.1 64.8 F107-T8
4 F110-B2 88.2 107.5 59.6 65.6 F110-T8
5 F113-B2 87.3 107.3 58.8 66.6 F113-T8

e/D =2.0

1 F101-B3 98.8 125.5 52.9 58.2 F101-T7
2 F104-B3 97.4 126.5 53.0 58.3 F101-T7
3 F107-B3 100.0 129.7 51.2 56.0 F107-T7
4 F110-B3 98.1 125.9 51.9 56.8 F110-T7
5 F113-B3 101.9 129.2 55.8 60.7 F113-T7
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"TABLE 44. COMPRESSION, SHEAR, AND BEARING
PROPERTIES OF A201 STEP PLATES, MORRIS
BEAN AND COMPANY, DESIGNATED AREA

Compression Yield Strength (CYS)

Ultimate and Yield
"Strength of Companion

Tensile Specimen

Item Specimen CYS TYS Identification
No. Identification (ksi) (ksi)

1 A201-CI 62.0 63.4 A201-T4
2 A204-C1 63.5 60. e A204-T4
3 A207-C1 64.0 60.8 A207-T4
4 A210-C1 64.2 62.7 A210-T4
5 A213-C1 63.0 56.2 A213-T4

Shear Ultimate Strength (SUS)

Item Specimen SUS TUS
"No. Identification (ksi) (ksi)

1 A201-Sl 40.1 68.5 A201-T4
.2 A204-SI 40.4 67.2 A204-T4
3 A207-SI 39.9 67.2 A207-T4
4 A210-S1 40.0 69.3 A210-T4
5 A213-S1 40.7 62.9 A113-T4

Bearing Yield and Ultimate Strength Properties (BYS and BUS) !

Item Specimen BYS BUS TYS TUS

No. Identification (ksi) (ksi) (ksi) (ksi)

e/D 1.5

1 B202-B1 91.3 111.1 59.2 66.5 B202-T4
2 B205-B1 95.2 111.4 63.2 69.6 B205-T4
3 B208-B1 92.9 110.6 60.2 67.2 B208-T4
4 B211-B1 93.8 110.2 60.4 67.5 Bl1-T4
5 B214-Bl 95.2 111.4 63.1 67.8 B214-T4

e/D 2.0

1 A201-B1 106.1 139.1 63.4 68.5 A201-T1
2 A204-B1 113.8 140.6 60.8 67.2 A204;-T1
3 A207-B1 110.8 143.6 60.8 67.2 A207-T1
4 A210-B1 226.9 145.5 62.7 69.3 A21-T1
5 A213-B1 115.4 143.0 56.2 62.9 A213-T1
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TABLE 45, COMPRESSION, SHEAR, AND BEARING
PROPERTIES OF A201 STEP PLATES,
MORRIS BEAN AND COMPANY, NON-
DESIGNATED AREA

Compression Yield Strength (CYS)

Ultimate and Yield
Strength of Companion

Tensile Specimen

Item Specimen CYS TYS Identification
No. Identification (ksi) (kst)

1 F201-C2 61.6 61.7 F201-T6
2 F204-C2 61.7 61.2 F204-T6
3 F207-C2 63.8 62.0 F207-T6
4 F210-C2 62.8 62.0 F210-T6
5 F213-C2 62.6 61.8 F213-T6

Shear Ultimate Strength (SUS)

Item Specimen SUS TUS
No. Identification (ksi) (ksi) .."

1 F201-S2 39.6 63.9 F201-T7
2 F204-S2 39.0 67.2 F204-T7
3 F207-S2 39.7 65.5 F207-T7
4 F210-$2 39.9 64.9 F210-T7
5 F213-52 38.7 65.6 F213-T7

Bearing Yield and Ultimate Strength Properties (BYS and BUS)

Item Specimen BYS BUS TYS TUS

No. Identification (ksi) (ksi) (ksi) (ksi)

e/D 1.5

1 F201-B2 89.1 107.2 57.7 66.0 F201-T8
2 F204-B2 92.8 109.9 60.7 67.3 F204-T8
3 F207-82 89.3 107.3 60.3 67.2 F207-T8
"4 F210-B2 90.4 108.4 59.3 66.9 F210-T8
5 F213-B2 90.1 109.4 59.7 62.5 F213-T8

e/D = 2.0

1 F201-B3 105.2 105.2 61.7 63.9 F201-T7
2 F204-B3 103.0 123.6 61.8 67.2 F204-T7
3 F207-B3 105.0 136.5 61.5 65.5 F207-T7
4 F210-B3 103.0 130.3 62.1 64.9 F210-T7
"5 F213-B3 105.7 129.3 61.7 65.6 F213-T7 "
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(c) Design Property Determination

Tensile Properties

Although all the tensile values from the designated area of

the step plates exceeded the minimum target values of 60 ksl UTS and 53 ksi

YS, the distribution of the values were skewed. This prevented th2 data from
being combined into a single population for determining A and B design allow-

ables. The property variation between the two groups .f data is shown In
Figure 103. The data were analyzed by Battelle Columbus Laboratories. The

complete report of their findings is included in the Appendix D. A separate
analysis was made of dat"a from the material produced by each foundry. Al-

though the data provided were insufficient for MIL-HDBK-5 A and B allowable
determinations, the analysis did provide information for goiidance in deter-

mining specification S values. The results'were as follows:

FondyDesignated Non-Designated
Foundry Area Area

and Property Fbu Fby Ftu Fty
Basis (1) (ksi) (ksi) (ksi) (ksi)

Smithford Products Company

A values - 52 48

* B values 60a 531 55 51

Morris Bean and Company
A values 61 56 61 57

B values 63 57 63 58

NOTE: 1. Determined by non-parametric technique

II
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Compression, Shear, and Bearing Property Ratio

A tensile test was performed in each test area for comparison

O with compression, bearing, and shear property values to establish a property

ratio. The average ratio of properties from each area was as follows:

Smlthford Products Co. Morris Bean and Company
Designated Non-Designated Designated Non-Designated

Property e/D Area Area Area Area
]Ratlio Ratio 0.500 inch 0.750 inch 0.500 inch 0.750 inch ,

*CYS/TYS 1.034 1.058 1.044 1.012

SUS/TUS 0.603 0.669 0.601 0.602

BUS/TUS 1.5 1.504 1.659 1.639 1.645

• !,.

*BYS/TYS 1.5 1.435 1.507 1.531 1.518

BUS/TUS 2.0 2.023 2.200 2.127 1.983

BYS/TYS 2.0 1.694 1.875 1.857 1.690

" The following reduced values were obtained after combining the non-designated
. and designated area results:

Property e/D Smithford Morris Bean
Ratio Ratio Products Company and Company

CYS/TYS 1.034 1.005

SUS/TUS 0.615 0.589 L

. BUS/TUS 1.5 1.526 1.616

BYS/TYS I,5 1.446 1.511

"BUS/TUS 2.0 2.053 1.989

BYS/TYS 2.0 1.730 1.700

The following property ratios were determined by combining the values of each

property ratio from each process.

Property e/D Combined L.
Ratio Ratio Ratio Values

CYS/TYS 1.024

SUS/TUS 0.605

BUS/TUS 1.5 1.581

BYS/TYS 1.5 1.481

BUS/TUS 2.0 2.041

BYS/TYS 2.0 1.738
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(d) Proposed Specification Values

The proposed specification values for A201-T7 castings are as

follows:

Minimum Designated Non-Designated
Properties A-,ea Area

Ultimate 60 ksi 56 ksi

Tensile Strength

Yield Strength 50 ksi 48 ksl

Elongation 3% 2%

A review of the tensile data shows that the proposed minimum

strength values were met or exceeded in each of the tests except for one UTS

of 55.4 ksi in a non-designated area. The three-percent elongation value was

,. achieved in 98 of the 102 tests, while the two-percent elongation in the

* non-designated area tests was achieved 54 of the 55 tests.

(e) Design Property Table

The design property information shown in Table 35 was develop-

ed from the proposed specification tensile values and related ratio values of

compression, shear, and bearing.

(f) Elevated Temperature Tensile Properties

The results of elevated temperature tensile testing at 250,

300, and 400F are listed in Tables 36 and 37. The tensile properties at the

various temperatures are compared in Figure 110. The figure depicts a de-

crease of ultimate and yield strength values but no significant change with an

increase of temperature.
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TABLE 46. PROPOSED MIL-HDBK-5 TABLE FOR DESIGN

MECHANICAL AND PHYSICAL PROPERTIES
OF A201.O ALUMINUM ALLOY CASTING

Specification (Proposed AMS-XXX)

Form Casting

Condition T7

Thickness, in. 0.500
Location Designated Area Non-designated Area

Basis S S

Mechanical properties:
Ftu, ksi 60 56

Fty, ksi 50 48

Fcy, ksl 51 49

Fsu, ksl 36 34

Fbru, ksi:

Se/D 15ý 95 88
e/D= 2.0 122 114

"Fbry, ksi:

(e/D = 1.5) 74 71
(e/D =2.0) 87 83

e, per cent 3 2

E. 103 ksi 10.3
Ec, 103 ksi 10.7
G, 103 ksi 4.0

0.33

Physical properties:
, lb/in.3  0.101

C, Btu/ lb)(F) 0.22 (at 212F)
K, Btu/[(hr)( t2 ((F)/ftJ 70 (at 77F)

he

I.
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Table 47. ELEVATED TEMPERATURE TENSILE PROPERTIES, V,
SMITHFORD PRODUCTS, A201 ALLOY

Specimen Tensile Properties
Identification Test Temperature, F TUS TYS e

ksi ksi (N)

101T5 250 59.1 54.9 11
102T5 250 58.9 54.8 7
104T5 250 59.9 54.6 10

105T5 300 55.4 51.5 9
107T5 300 56.1 53.1 10

108T5 350 52.5 49.0 10
110T5 350 52.9 49.5 10
1115T 350 53.1 48.8 9
113T5 400 46.4 42.8 8
114T5 400 47.1 42.3 10

"Table 48. ELEVATED TEMPERATURE TENSILE PROPERTIES,
MORRIS BEAN AND CO., A201 ALLOY

Specimen Tensile Properties
Identification Test Temperature, F TUS TYS e

ksi ksi (%)

201T5 250 59.6 54.8 10
202T5 250 56.6 51.5 12

204T5 300 66.3 54.4 10
205T5 300 55.4 52.1 8
207T5 300 55.4 51.9 9

208T5 350 49.2 46.4 11
210T5 350 51.0 47.6 10

21115 400 44.4 41.4 12
213T5 400 46.0 42.2 10
214T5 400. 45.8 42.6 9
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(g) Fracture Toughness Properties

Fracture toughness values obtained from specimens machined

" from separately cast test blocks were as follows:

Yield Fracture Reason Producing IN
Specimen Strength Toughness Not Valid Foundry

(ksi) (ksi in)

" 128P 63.2 23.2 Valid Kic Smlthford Products Co.

128A 59.4 24.9 Smithford Products Co.

S/N 20 54.8 33.2 Morris Bean and Co.

S/N 30-1 60.1 30,7 Morris Bean and Co.

S/N 32-1 59.2 32.8 " Morris Bean and Co.

* Average 59.3 29.9

The microstructure of specimens exhibiting the highest and lowest values was

evaluated in an attempt to determine a reason for the variation. Photomicro-

graphs from specimen 128P (23.2 ksi inl/ 2 ) and specimen 32-1 (32.8 ksi

inl/ 2 ) are shown in Figures 106 and 107. The microstructure of the lower

toughness specimen showed a greater amount of precipatate, both inter-

and intragranular. Since failure occurred intergranularly, the lower fracture

-. toughness was attributed to the greater amount of grain boundry precipitate

"in the microstructure of specimen 128P. The effect of welding on the tough- "

ness properties is discussed later in the report.

(h) Notched Fatigue Properties

The endurance of notched fatigue specimens tested at various

stress levels was plotted in Figure 108. The apparent endurance stress limit

of material from both foundries was between 6 and 10 ksi at i07 cycles. ,

The effect of radiographic unsoundness and weld repair is discussed later in

the report.
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(i) Crack Growth Properties

The results of crack growth testing as shown in Figure 108

were reported by J. Tirpak, 2Lt., USAF, stationed at the AFWAL Material

Laboratory. The crack growth characteristics of the material were reported to I.,'4

be similar to those of commonly used wrought products, such as 2124-T851

plate. The AFWAL report is included in the Appendix F.

5. Effect of Weld Improvement

To evaluate the effect of weld improvement on the mechanical properties of

the parent cast material, weld coupons were excised from step plates and test-

ed for tensile strength, notched fatigue, and fracture toughness properties.

Both A201-T7 and A357-T6 material were included in the evaluation.

a. Weld Procedures V.,

The welding of A357-T6 material was done at Teledyne Cast Products and

Magnesium Alloy Products foundries using normal production welding procedures.

The A201-T7 material was welded in the following manner at the Northrop Metal-

lics Research Laboratory. Twelve weld coupons, 0.5-inch thick by 2.5 inches

wide by 3.0 inches long, were sectioned from the designated area of the step

plates. A 60-degree "V" groove was machirned in the center of the coupons to a

depth of 0.25 inch and parallel to the 3-inch length. A ý/32-inch radius was

machined at the bottom of the groove and a 3/16-inch radius was added to the

corners. After machining the groove, the coupons were chemically cleaned in

47-percent HNO 3 , 3-percent HF, and 50-percent H2 0 solution, then rinsed

with tap water and deionized water and air dried. Welding was conducted by

the GTA welding process with direct-current, straight-polarity, and 100-

percent helium shielding. The filler metal was A201 material 0.094 inch in

diameter. Prior towelding, the rod was cleaned with "Scotch Brite" and wiped

with acetone to remove any foreign particles. The welding parameters for each

pass were as follows:
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Group Plate Pass Current Voltage
No. No. No. (amps) (v)

222 1 150 20

219 2 140-1•0 20-22 0..

1?3 3 120-130 18

221 4 130-140 20 4

122 1 160 22 C..

120 2 150-160 20-22

2 119 3 130-140 20

224 4 130-140 20

132 1 160 20
133 2 140-150 20-22

3 124 3 120-130 20

121 4 130-140 20

The composition of the weld wire was as follows:

Copper 4.87%

Silver 0.57% -

Manganese 0.37%

Magnesium 0.25% I.'-

Titanium 0.19%

Iron 0.03%

Silicon 0.03%

Al umi num Remai nder
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b. Test Procedure

All welded step plates were inspected using radiography and fluores-

cent penetrant techniques prior to machining the test specimens. The speci-
mens were machined as shown in Figure 109, such that the weld was located in

the middle of the tensile specimen and in the notched area of the fatigue

specimen. The compact tension fracture toughness specimens were machined such
Sthat the weld was located in and ahead of the machined notch. In addition,

* all machined test specimens were x-rayed prior to testing to ensure the

correct location of the weld. 6:1

c. Test Results

(1) A357 Alloy

(a) Tensile Properties

Magnesium Alloy Products Step Plate Material
Test

Specimen TUS TYS e
(ksi) (ksi) (%)

16-Ti 54.4 45.0 5.0

164T 55.8 47.5 7.0
20-Ti 55.8 45.8 8.0

20-T2 56.4 47.1 8.0

32-TI 55.6 45.6 9.0

32-T2 55.2 45.2 9.0

Average (weld) 55.5 46.0 7.7
Average (parent metal) 55.0 47.2 6.4

Teledyne Cast Products Step Plate Material

Test
Specimen TUS TYS e

N(ks) (ksl) W
814-T 52.5 43.5 8.0

81-T2 51.5 43.4 6.0

81-T3 52.3 43.8 7.0

Average (weld) 52.1 43.6 7.0

Average (parent metal) 53.4 45.3 5.5

254



0-

6- ,/

DESIGNATED
AREA

WELD
T ~

F-

WEL '-SC

TT

IT = TENSI LE '
JC w COMPRESSION

1/8x -34"B BEARING
'P - FATIGUE

3/4".. 4T(H) - TENSILE,.ELEVATED TEMPERATURE
8 -1/4" *FT -FRACTURE TOUGHNESS

CG a CRACK GROWTH

FIGURE 110. LOCATION OF WELDED SPECIMENS WITHIN THE DESIGNATED AREA
OF THE STEP PLATE

255



.4. .. ,-..... ,• -°....,. .- ,• , .. ,. . .•. . ...

'.I.

(b) Fracture Toughness Properties: Magnesium Alloy Products Step
Plate Material (all specimens were of insufficient thickness to obtain a valid
Kic value).

"WELD AREA NON-WELDED AREA

Yield Yield
Test Strength KQ Test Strength K0

Specimen (ksi) (ksi in) Specimen (ksi) (ksi In)
37-FT1 43.8 27.4 15-FT1 45.5 20.8
38-FT1 45.8 22.3 36-FT1 43.6 18.5
39-FT1 44.6 22.8 39-FT1 44.6 25.2

Average 44.7 24.2 Average 44.6 21.5

"(c) Notch Fatigue Properties

The effects of weld improvement on notch fatigue behavior of
Teledyne Cast Products and Magnesium Alloy Products test material are shown

"in Figure 110.

(d) Conclusions

Weld improvement processing of cast A357 was successful in re-
storing tensile and fracture toughness properties; however, a degradation of 2
to 3 ksi occurred in notched fatigue properties after 500,000 cycles.

(2) A201 Alloy

(a) Tensile Properties: Smithford Product Step Plate Material
Test TUS TYS e

Specimen (ksi) (ksi) (%)
• 120-T2 62.6 55.8 5.0

122-T2 68.0. 59.6 8.0
123-T2 67,9 61.2 4.0

Average (weld) 66.2 58.9 5.3
Average (parent metal) 64.0 58.0 5.6
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Morris Bean and Company Step Plate Material

Test
Specimen TUS TYS e L'

N(ks) (ksi) M'N
219-Ti 69.0 61.3 7.0

224-T2 68.8 62.3 6.0

224-T3 67.0 59.7 8.0 y
Average (weld) 68.3 61.1 7.0
Average (parent metal) 65.8 60.2 5.6

(b) Fracture Toughness Properties: Smithford Products Company

* Step Plate Material

Test
Specimen KQ, ksl in

215-4 37.3
215-5 37.4 I.-

Average (weld) 37.4 P
Average (parent metal) 27.2 Ne

Morris Bean and Company, Step Plate Material

Test
Specimen KQ, ksi in

33-2 34.8

Average (parent metal) 29.0

(c) Notch Fatigue Properties

The effects of weld improvement on the notch fatigue behavior

_" of A201-T7 material is shown In Figure 111.

(d) Conclusions

The results of weld improvement processing of A201-T7 cast

material indicated that tensile properties of the material were not changed,

fracture toughness was improved, and the notched fatigue properties were
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Improved in tests UP to 1,000.000 cycles; beyond 1,000,000 cycles, the effect

was not clear due to the lack of sufficient data.

6. Effect of Radiographic Unsoundness

!a. Procedure

Step plates were produced to less than a Grade C (per NIL-C-6021 and

Table 49) radiographic quality, and evaluated to determine the effect of

unsoundness on tensile, fracture toughness, and notchJ fatigue properties.

* Test specimens were excised from the designated casting area and reinspected

after machining to their final configuration to confirm the unsoundness

qua ity of the test material. With the exception of the radiographic quality,

the material was produced using the same procedures as the other step

plates evaluated in the program,

b. Test Results

(1) A357 Alloy

(a) Tensile Properties

Magnesium Alloy Products:

Test Specimen TUS TYS e Discontinuity,
(ksi) (ksi) W% ASTI4 Plate No.

(Grade D))

40-TI 46.4 42.0 2.0 Sponge Shrinkage. No. 4 ,.

41-T1 40.7 39.7 2.0 Sponge Shrinkage, No. 4

42-TI 44.4 42.2 1.0 Sponge Shrinkage, No. 4

Average Gr-D 43.8 41.3 1.8

Average Gr-B 55.0 47.2 6.4

The Grade 0 quality of the tensile specimens are shown in Figure 112.

A maximum severity of permissible sponge shrinkage is depicted In AS'I

Plate 4 for Grade D quality casting.
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TABLE 49. MIL-C-6021 RADIOGRAPHIC SEVERITY LEVEL
REQUIREMENTS FOR ALUMINUM CASTINGS PER
ASTM E155

Grade A Grade B Grade C Grade D
Discontinuity Radiograph (Thickness)

Inch Inch Inch Inch

1/4 3/4 1/4 3/4 1/4 3/4 1/4 3/4
(ASTM Plate Number)

Gas holes 1.1 None 1 1 2 2 5 5

Gas porosity (round) 1.21 None 1 1 3 3 7 7

Gas porosity 1.22 None 1 2 3 4 5 5

(elongated)

"Shrinkage cavity 2.1 None 1 NA 1/ 2 NA 1/ 3 NA 1/

"" Shrinkage porosity or 2.2 None 1 1 2 2 4 3

sponge

Foreign material (less 3.11 None 1 1 2 2 4 4

"dense material)

Foreign material (more 3.12 None 1 1 2 1 4 3

dense material)

SegregatIon 3.2 None None None N'one

Cracks NA 1/ None None None None

- Cold Shuts NA 1/ None None None None

Surface irregularity NA 1/ Not to exceed drawing tolerance

Core shift NA 1/ Not to exceed drawing tolerance

1/ Not available
NOTE: The 1/4-inch thickness requirements are to be used for material up

to and including 1/2 inch.

The 3/4-inch thickness requirements are to be used for material from

"1/2 inch to and including 2 inches.

262

.. . .. .. ... .-- ' 1 I I ' 1 1!



Teledyne Cast Products:

Test Specimen 71JS TYS e Discontinuity,
(ksi) (ksi) (%) ASTM Plate No.

(Grade C-D)

83-TI 48.4 42.4 3.0 Rd Gas Porosity, No. 4

83-T2 47.7 41.6 3.0 Rd Gas Porosity, No. 7

82-Tl 46.7 41.0 3.0 Rd Gas Porosity, No. 7

82-T2 48.8 42.7 4.0 Rd Gas Porosity, No. 4

81-Ti 48.7 42.3 4.0 Rd Gas Porosity, No. 4

81-T2 45.4 41.8 2.0 Rd Gas Porosity, No. 4

Average Gr C-D 47.6 42.0 3.3

Average Gr B 53.4 45.3 5.5

Figure 113 depicts the Grade C to D radiographic quality of

the specimens. The maximum round gas porosity allowed is ASTM Plate No. 3 for

Grade C and 7 for Grade D.

(b) Notch Fatigue Properties

"The effect of Grade D gas porosity and Grade C sponge snrink-

* age on notch fatigue behavior of A357 alloy is shown in Figure 114. The radi-

"ographic quality of the specimens is depicted in Figures 113.

(c) Fracture Toughness Properties

Mtagnesium Alloy Product:

Test Specimen KQ; Discontinuity,
ks in ASTM Plate No.

40-FT1 25.1 Sponge Shrinkage, No. 6

"41-FT1 22.5 Sponge Shrinkage, No. 7

44-FTI 23.0 Sponge Shrinkage, No. 6

Average (Grade worse than D) 23.3

Average (Grade B material) 22.0

The radiographic quality is shown in Figure 115. The maximum

sponge shrinkage allowed for Grade D material is ASTM Plate No. 4.

j- k.
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(d) Conclusions

Tensile property values of ultimate strength and elongation

were reduced due to the presence of Grade C-D sponge shrinkage and Grade 0 gas
porosity. Notched fatigue strength was significantly reduced by the presence
of Grade D round gas porosity. However Grade C sponge shrinkage appeared to
have much less effect although the data was very limited. Fracture tough-
ness, KQ values, were not affected by the presence of Grade C-D sponge

shrinkage.

,, (2) A201 Alloy

(a) Tensile Properties

Smithford Cast Products

Test Specimen TUS TYS e Discontinuity,
(ksi) (ksl) (%) ASTM Plate No.

A" (Grade D)

117-Ti 56.7 54.9 1.0 Rd Gas Porosity, No. 7

117-T2 57.1 55.4 1.0 Rd Gas Porosity, No. 7
118-Ti 59.3 56.9 1.0 Rd Gas Porosity, No. 6
118-T2 59.8 57.2 1.0 Rd Gas Porosity, No. 6

Average Grade C to D 58.2 56.1 1.0

Average Grade B material 64.0 58.0 5.6

Figure 116 shows the radiographic quality of the test speci-
mens.

Morris Bean and Company

Six tensile specimens were machined from the three defective
step plates submitted by Morris Bean and Company. However, after machining
and radiographic examination, the test material was Grade B instead of Grade

C. Apparently, the Grade C defects shown originally were superficial and were
removed during machining. Therefore, the tensile test was not performed.
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(b) Notch Fatigue Properties

The effect of Grade C to D radiographic quality (as shown ii-

Figure 117) on the notch fatigue behavior of A201 alloy is shown In Figure

118. Grade D round gas porosity, ASTM Plate No. 6 and 7 lowered the fatigue

resistance at both high and low stress levels.

(c) Fracture Toughness Properties

Smithford Product

Test Discontinuity,
Specimen KQ, ksi in ASTM Plate No.

(Grade D)

115-FT-i 22.8 Rd Porosity, No. 5

117-FT-i 23.4 (klc) Rd Porosity, No. 6

118-FT-i 25.3 (klc) Rd Proosity, No. 6

Ave Gr-D 24.4

Ave Gr-B 27.2

(d) Conclusions

Tensile ultimate strength and elongation were significantly
reduced because of Grade D round gas porosity in the material.

Grade D round gas porosity reduced the notched fatigue

endurance limits of the material 20 to 30 percent and fracture toughness

approximately 10 percent.
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SECTION X
VERIFICATION OF QUALITY ASSURANCE ACCEPTANCE (QAA) PROCEDURE

1. INTRODUCTION .5

Specifications, such as MIL-A-21180, provide only radiographic and pene-
trant inspection of each casting to ensure a consistency of tensile property

capability. This has not been sufficient to ensure consistent results.

NQality Assurance Acceptance (OAA) procedures and criteria have been de-

* veloped that will correlate with and reliably predict the tensile property

capability of castings. Such inspection procedures and acceptance criteria
".* were established for A357-T6 and A201-T7 castings. To demonstrate the applic-

ability of these criteria to typical configurations of the aerospace industry

*.! various Airframe manufacturers were solicited to provide a test configuration

% ,for evaluation, Three configurations of A357-T6 material and three configura-

* tions of A201-t7 material were obtained as shown in F.igures 1 through 6. The
process history of each casting was unknown.

2. TEST PROCEDURE

Each casting was evaluated in accordance with the OAA Requirements previ-

S"ously established and included in specifications contained in Appendix H. In
* lieu of a melt analysis, the chemical composition was determined from a sample

. cut from the casting. Since none of the castings had integrally attached

coupons, it was necessary to excise a test coupon from an area of the casting

to simulate an attached coupon. The OAA test requirements were as follows: .

Process Acceptance
Variable Test Method Critei'ia

. Composition Spectroqraphic SpecdIfication
"Analysis Report Composition
of Melt Sample Limits

n7.5
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" Process Acceptance

Variable Test Method Criteria

Internal Radiographic Maximum Defect

Soundness Examination Not Worse Than

(MIL-STD-00453) Grade B Per

MIL-C-6021

1/4" Stds.

P.

Heat Treatment (1) Tensile Properties A357-T6:

Response of Attached Coupon 42-47 ksl YS

(ASTM B557) 51 ksi UTS

A201-T7

60 ksi UTS

55 ksi YS

(2) A201-T7 31% IACS Min.

Electrical Conductivity

(MIL-STD-1537)

(3) Hardness A201-TT: 70HRB Min

(ASTM E18) A357-T6: 90HRB Min A

Solidification A357-T6 A357-T6

Rate - DAS Control DAS Evaluation Max DAS

(A357 Only) Per Proposed Det. by

Specification Specification

All castings, regardless of their predicted acceptability, were included

in the final tensile property evaluation. When the test results satisfied the

acceptance criteria, it was predicted that the tensile properties of the

S.verification castings or specific areas of the casting would at least be equal

to the minimum tensile properties specified in the proposed material specifi-

"cation. These property values were as follows:
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"Material Properties (UTS-YS.e)

A357-T6 50 ksi - 40 ksi - 3%

A201-T7 60 ksi - 50 ksi - 3%

3. TEST RESULTS AND CONCLUSIONS

.a A357-T6 Castings (Figures 1, 2, and 3)
The acceptance test results of A357-T6 Castings 1, 2, and 3 are

discussed below.
(1) Composition (taken from the casting)

Casting Content, %

Si Mg Fe Ti Be Mn Al
No. 1 6.8 0.68 0.05 0.11 0.05 0.02 Remainder

No. 2 6.6 0.66 0.16 0,14 0.06 0.01
No. 3 6.7 0.57 0.09 0.16 0.05 0.01

Acceptance 6.0 0.50 0.20 0.10 0.04 0.05
Limits 8.0 0.70 Max 0.20 0.07 Max

All of the compositions were determined to be within the acceptance

* range for samples taken directly from the casting.

(2) Hardness
Hardness values taken to confirm that the casting was aged to the

- T6 condition, were as follows: Casting No. 1: 96.3 to 100.0 HRE; No. 2: 94.2
. to 96.9 HRE; and No. 3: 92.6 to 95.0 HRE. Since all values exceeded a minimum
" value of 90 HRE, the material was condisered to be in the T6 condition.

"(3) Integral Attached Test Coupon Tensile Properties
"Coupons excised from each casting to simulate an integral

attached coupon were evaluated for tensile properties. The following results
were obtained:
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Simulated Attached Coupon Properties

Ultimate
Tensile Yield Elongation
Strength Strength

Casting No. (ksi) (ksl) (%)
1 55 45 12

2 52 (41) 8

3 (46) (39) 6

Requi red
Minimum 51 42/47 -"

L
( ) Unacceptable value

Casting No. I was acceptable; however, Castings No. 2 and No.
3 were not acceptable due to the low values of yield strength and ultimate

tensile strength indicated.

Casting No. 2 was given an additional aging of one hour at 330F.
A second coupon excised from the casting showed the following tensile proper-

ties:

Ultimate tensile strength 52.5 Ksl
Yield strength 44.0 ksi

Elongation 7.4 percent

Since these were acceptable properties for the attached coupon,

casting No. 2 remained in the program for further evaluation as a candidate

casting which has a capability of meeting minimum tensile properties. Since

' casting No. 3 did not exhibit minimum coupon properties, it was predicted that

, the casting would not be capable of meeting minimum specification properties.

No further testing was necessary.
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(4) Radiographic Quality

Castings Nos. 1 and 2 were radiographically inspected and were

judged to be acceptable to Grade B requirements of MIL-C-6021, which limits

. the size and severity of defects to Plate No. 1 of ASTM radiographic stan-

dards of ASTM E155.

(5) OASk ..-

DAS measurements were made on the surface of various areas of

Casting Nos 1 and 2. Areas of smallest and largest DAS were selected to

simulate the attached coupons.

DAS and tensile property values from test sites that were r

used to simulate the attached coupons were as follows:
Casting Test Site DAS Values Tensile Properties

Area, DAS (inch) UTS YS e
(Ksl) () si) .

1 Small 0.0010 53.9 44.8 9.0

1 Large 0.0017 50.8 42.4 6.5

2 Small 0.0008 52.5 42.0 13.1

2 Large 0.0020 47.3 40.5 3.7

The calculated maximum DAS for the minimum tensile ultimate

strength of 50 Ksi was determined in the manner specified in the proposed

specification AMS XXXX included in Appendix H.

DASmax (DAS2 - DAS1\ (UTS1 -UTS 3) + DAS 1

W UTS 1 - UTS 2 )
Where:

DASmax - Maximum size DAS acceptable to meet minimum tensile

properties (I x 10-4 inches)

UTS1 " Ultimate tensile strength of the attached coupon with smallest

DAS (ksi)
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UTS 2 = Ultimate tensile strength of the attached coupon with largest

DAS (kst)

UTS 3 = Ultimate tensile strength minimum required (ksi)

DASI = Size of DAS of coupon with smallest structure

(1 x l0-4 inches)

DAS 2 = Size of DAS of coupon with largest structure

(1 x I0- 4 inches)

The maximum permissible DAS of casting No.1 was:

DASmax 17-10 (53.9-50) + 10 = 7 (3.9) + 10 = 18.8 x 10-4 inch

53.9-50.8 3.1

The maximum permissible DAS of casting No. 2 was:

DASmax 20-8 (52.5-50) + 8 = 12 (2.5) + 8 = 13.8 x 10-4 inch

52.5-47.3 5.2

The DAS of various test sites on each casting were as follows:

Maximum

"Casting Test Site DAS Permissible DAS

Location (1 x 10-4) inches (1 x I0-4 inches)

1 1 0.00109 0.0018

1 2 0.0013 0.0018

1 3 0.0011 0.0018

1. 4 0.0010 0.0018

2 1 0.0009 0.0013

2 2 0.0011 0.0013 47'

2 3 0.0010 0.0013 r

(6) Prediction of Casting Capability

The findings indicate that both castings 1 and 2 show a capabili-

"ty of meeting the minimum ultimate strength of 50 ksi yield strength of 40 ksi '

* and elongation of 3%, while casting Number 3 does not show a similar capabili-

* ty of exhibiting these properties.
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"(7) Casting Tensile Properties Determination

lowing Tensile specimens excised from each casting exhibited the fol-

lowing properties:

Casting Test Site Tensile Properties
UTS YS e

(Ksi) (Ksi) (M)
1 1 53.4 42.9 11.5

1 2 52.0 42.2 8.0

1 3 52.6 42.7 8.0

1 4 53.7 44.7 7.5

2 1 52.2 40.8 12.0

2 2 51.9 41.6 9.2

2 3 53.2 42.3 13.2

3 1 46.0 39.0 6.0

3 2 46.5 38.7 5.6

3 3 46.5 37.8 3.4

3 4 48.6 39.8 6.1

3 5 48.6 39.7 5.8

(8) Conclusions
These results demonstrate the following:

(a) The prediction that casting l and 2 had the capability of

meeting minimum tensile strength properties of 50 Ksi UTS, 40 Ksi YS and 3%

elongation was correct.

(b) The strength properties of casting 3 were correctly predic-

ted to be incapable of exhibiting minimum strength properties of 50 Ksi JTS,
40 Ksi YS, and 3% elongation.

(c) The validity of the QAA procedures and criteria was demon-

strated to apply to A357-T6 casting configurations procured for flight hard--- %,

ware.
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b. A201-T7 Castings (Figures 4, 5, and 6)

Castings 4, 5, and 6 of A201-T7 were subjected to QAA tests proposed

-' in AMS material specification for A201-17 aircraft structural casting procure-

"" ment in Appendix H. Results of the tests are discussed below.

(1) Composition (taken from the casting)
Casting Cu Fe Si Mg Ti Ag Mn Al
Number (%) (%) (%) (%) (%) (%) (%) (%)

4 4.91 0.08 0.02 0.23 0.25 0.71 0.29 Remainder

5 4.89 0.09 0.04 0.35 0.18 0.60 0.34 Remainder

6 4.26 0.05 0.02 0.20 0.33 0.50 0.30 Remainder

Acceptance 4.0 0.05 0.05 0.20 0.15 0.50 0.20 L

Limits 5.5 Max. Max. 0.40 0.35 1.0 0.50

The composition of the castings was considered acceptable for further

"evaluation although the values of 0.08 and 0.09 for iron (Fe) exceeded the

*• acceptance limit.

(2) Hardness and Conductivity

' -Results of the hardness and conductivity tests were used to con-

firm that the castings were overaged to the T7 condition. The following val-

ues were obtained:

Hardness Electrical
(HRB) Conductivity

Casting (% IACS)

No. 4 61.0 to 72.7 31.5 to 32.7

No. 5 70.2 to 75.2 29.8 to 31.5

No. 6 68.2 to 76.7 31.0 to 32.0
, -,

Proposed 70.0 31.0
Minimum

oN
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The results were tentatively accepted pending determination of

tensile properties from an Integral coupon.

(3) Radiographic Quality

Radiographic examination of each casting indicated that the qual-

ity varied as follows:

Casting No.
4 Grade B and C

5 Grade B, C, and D

6 Grade B

The castings were accepted for further evaluation, based on the

existence of Grade B areas, for use in predicting casting tensile property

capability.

(4) Integrally Attached Coupons

Since attached coupons were not available, an excised coupon was

tested. The results were as follows:

Ultimate
Tensile Yield

Casting Strength Strength Elongation
Number (ksi) (ksi) (%)

4 64.3 56.7 9.8

5 60.4 58.2 2.7

6 59.,4 48.1 9.9

Proposed
Minimum 60.0 55.0 (Not Required)

Since the test coupon of Casting 6 did not meet the minimum yield

strength of 55 ksi or ultimate strength of 60 ksi, the casting was judged to

not be capable of meeting minimum tensile properties required by specification

and therefore further QAA testing was not required.
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(5) Prediction of Casting Capability

Castings 4 and 5 satisfactorily met the minimum QAA requirements

proposed for casting acceptance and therefore more predicted to be capable of

meeting minimum tensile properties of 60 ksi UTS, 50 ksi YS and 3% elongation.

Casting 6 was predicted to not be capable of meeting these properties.

(6) Casting Tensile Property Determination

The tensile coupons excised from the castings exhibited the fol-

lowinq tensile properties:

Ultimate
Tensile Yield

Casting No. Test Strength Strength Elongation
Sites (Ksi) (Ksi) (%) M

4 1 61,4 54.8 10.8

2 64.3 56.7 9.8

3 66.7 61.2 4.3

4 65.7 60.6 4.7

Ultimate

Tensile Yield
Casting No. Test Strength Strength Elongation .

Sites (Ksi) (Ksi) (%)

5 1 63.1 59.1 3.9
2 62.1 58.7 3.4

3 61.9 56.5 6.6

6 1 58.2 47.1 5.4

2 56.3 46.2 8.7

Mi nimum
Specification 60.0 50.0 3%

(7) Conclusions

(a) These test results demonstrated that when the casting met the

QAA criteria, the casting was capable of meeting the minimum specification

tensile property requirements.
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(b) The validity of the QAA procedures and criteria was demon-

strated to apply to A201-T7 casting configurations procured for flight hard-

ware,
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SECTION XI
COST ANALYSIS

Casting is the simplest and most direct method of producing a complex

shape. Molten metal is transformed directly into the desired shape without

requiring additional forming operations which means that castings are an eco-

nomical method of production. However, when simple configurations are

reqiired fnr the final form, other production methods such as rolling, extrud-

ing, drawing, forging, or forming may be more economical. Conversely, the

more complex the configuration, the higher the probability that a casting will

be more economical; A study of several configurations was made to demonstrate

the effect of part complexity on the cost benefit derived from casting method-

ology.

1. SIMPLE DESIGN - LEADING EDGE EXTENSION (LEX)

The leading edge extension (LEX) is a primary structural member of the

wing leading edge assembly structures (Figure 126). The upper skin and sup-

port structure are of 7075-T7351 three-inch aluminum alloy plate stock. The

lower skin is attached by means of standard rivets and fasteners.

a. Alternate Designs

Three casting design alternatives appear feasible for the LEX. De-

sigin No. 1 (Figure 127) uses an open framework casting with separately " -

ed sheet metal upper and lower skins. This design ensures a producible-low-

cost casting, but it requires the manufacture and installation of upper and

lower skins. Design No. 2 (Figure 128) is a modification of Design No 1. In

Design No. 2, the body frame and upper skin are cast together. The separately

produced lower skin is later blind-bolted to the cast structure. Neither of

thesp designs reflect a cost improvement over the hogged-out design.

Design No. 3, the most feasible of the three casting concepts, which
is well within today's technological state-of-the-art, is a single piece
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FIGURE 126. LEADING EDGE EXTENSION HOGOUT DESIGN

.. . WITH ASSEMBLED DETAILS
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FIGURE 127. LEADING EDGE EXTENSION CASTING DESIGN ALTERNATE NO. 1:
FRAMEWORK ONLY, SEPARATE UJPPER AND LOWER ATTACHED SKINS
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FIGURE 128. LEADING EDGE EXTENS'SION CASTING DESIGN ALTERNATE NO. 2:

FRAMEWORK PLUS UPPER ML SKIN SEPARATE LOWER ATTACH4ED SKIN
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casting (Figure 129). This design ostensibly circumvents most of the machin-

ing that is required on the existing hogged-out design, presumably with a re-

sulting reduction In costs. However the much higher cost of the single piece

casting causes the total cost to be higher than the actual cost for the

hogged-out design.

As a single cast component, the high cost of the LEX casting, plus

the advantage of multiple spindle machining of the hog-out gives the hog-out

design an economnic edge.

It is significant to note that simple concepts, such as the LEX, in-

volving the casting process may not always be cost competitive. Each design

must be studied for both technical and economic advantages before the design

is released as a casting.

b. LEX Estimated Costs, (1982 Dollars):

Following are comparisons of costs estimated for the hog-out design

and candidate casting designs:

Non-recurring Estimated Costs:

$148,000 Mechanical Hog-out and Buildup Design

240,000 Cast Frame, Buildup Using Weldbonded Skins

.351,000 Cast Frame and Upper Skin Separate Lower

Skin

246,000 Single-Piece Casting Design

Recurring Estimated Costs, Hog-out and Buildup Design:

$ 66,130 10 Shipsets

287,500 50 Shipsets

499,200 100 Shipsets

1,844,500 500 Shipsets
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Recurring Estimated Costs, Alternate Design No. 1: Cast Frame and
Separate Skins:

$ 61,820 10 Shipsets
"255,150 50 Shipsets

472,400 100 Shipsets
2,019,500 500 Shipsets

Recurring Estimated Costs, Alternate Design No. 2: Premium Cast

Frame and Upper Skin:

$ 81,690 10 Shipsets

310,500 50 Shipsets

607,200 100 Shipsets

2,909,000 500 Shipsets
I..

Recurring Estimated Costs Alternate Design No. 3: Single Piece
Castings

$ 72,540 10 Shipsets
339,400 50 Shipsets

661,300 100 Shipsets
3,139,500 500 Shipsets

c. Conclusion

Three designs employing use of castings were evaluated against the

conventional hog-out and buildup design. The evaluation indicated that none
, of these designs could compete economically with the hog-out version. 1-
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2. SEMI-COMPLEX DESIGN - CANOPY MECHANISM-SUPPORT

The canopy mechanism support is an assembly produced from a number of ma-

chined and otherwise fabricated detail parts (Figures 130 and 131). Parts are

prefitted together and then welded to one another to produce the assembly.

Extensive machining is required after welding.

a. Alternate Casting Design

In the cast version (Figure 132), all of the noted detail components

shown In Figure 130 are integrated into a single casting. The casting is

finish-machined to final configuration requirements in the attachment areas.

V,

Estimated costs for the build-up design and casting design are

compared below:

b. Estimated costs (1982 Dollars)

Non-recurring Estimated Costs:

$ 235,000 Buildup and Welded Design

191,000 A357-T6 Casting Design

Recurring Estimated Costs, Buildup and Welded Design:

$ 86,000 10 Shipsets
291,000 50 Shipsets
491,000 100 Shipsets

1,686,000 500 Shipsets

Recurring Estimated Costs, Casting Design:

$ 44,000 10 Shipsets"

195,000 50 Shipsets

370,000 100 Shipsets

1,426,000 500 Shipsets
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FIGURE 130. SUPPORT CANOPY MECHANISM ASSEMBLY, DETAIL BUILDUP DESIGN
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FIGURE 131.. SUPPORT CANOPY MECHANISM. EXPLODED VIEW.
DETAIL BUILDUP DESIGN '•
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C. Estimated Savings

The evaluation demonstrated that the casting design offers a signifi-

cant reduction in costs as follows:

$235,000 - $191,000 - $44,000 Non-recurring Savings,

$1,686,000 - $1,426,000 - $260,000 Recurring Savings (500

Shipsets)

$260,000 divided by 500 Shipsets , $520.00 Savings Per

Shipset

300 ,
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3. COMPLEX DESIGN - PYLON, FUSELAGE CENTER LINE, 30mm GUN

The current 30mm gun pylon is designed to be machined from a 7075 aluminum

alloy hand forging as shown in Figure 133. The size of this forging is ap-

proximately 11 by 12 by 110 inches and weight is approximately 1450 pounds.

Forgings are rough machined down to a predetermined cross sectional thickness,

then heat tre•ated prior to finish-machining. Full hog-out machining of hand

forgings of this size into a complex pylon structure is extremely difficult,

time consuming, and costly.

a. Alternate Casting Design

Adoption of the three-piece A357 and A201 aluminum alloy sand casting

design (Figure 134) would result in an estimated cost avoidance of $4 million

over a 500-ship program.

b. Estimated Costs, (1982 Dollars):

Hog-out and casting design estimated costs are compared below:

Non-recurring Estimated Costs:

$ 695,000 Hog-out Design (Single-Piece Hand Forging)

923,000 A357-T6 and A201 Casting Design Three Cast-

ings Plus Assembly)

Recurring Estimated Costs, Existing Hog-out Design:

$ 181,340 10 Shipsets

774,950 50 Shipsets

1,503,400 100 Shipsets

7,517,000 500 Shipsets
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FIGURE 134. PYLON ASSEMBLY, CASTING DESIGN, THREE SECTIONS:
CENTER SECTION A201 ALLOY, END SECTIONS A357 ALLOY
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Recurring Estimated Costs, Proposed Three-Piece Casting Design:

$ 121,200 10 Shlpsets

455,000 50 Shipsets

797,000 100 Shipsets

2,910,000 500 Shipsets

c. Estimated Savings

Computations of the estimated savings of the proposed casting design

are presented below:

$7,517,000 - $2,910,000 = $4,607,000 Delta Recurring Cost

Savings.

$4,607,000 divided by 500 Shipsets = $9,214 Average Shipset

Savings

$228,000 Implementation Cost, Casting Program divided by

$9,214 = 25 Shipsets (Breakeven or Return on Investment

Point). _

3.-
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4. COMPLEX DESIGN (VERTICAL STABILIZER)

The current vertical assembly structure shown in Figure 135 is a 63-piec.e
aircraft structure that requires many assembly operation steps and has compat-

.- ibility problems associated with irtegrating a large aluminum substructure to

advanced graphite composite strictur.il skins. Compatibility problems occur
due to fasteners and differences in therinal coefficients of expansion.

a. Alternate Casting Design

4k

The alternate casting design shown in Figure 136 is a much less com-
plex assembly. It is composed primarily of a single sand casting, with weld-
bonded sheet metal aluminum skins. The weld-bonding of the sheet metal skins

to the main casting creates an integral, sealed fuel vent cavity and el imi-
nates the separate fuel vent stand pipe. The weld-bond technique used on the
cast vertical assembly structure also avoids problems associated with main-
taining consistent quality on the drilling of many precision holes and the

installation of a large number of fasteners.

It is estimated that changeover from the current buildup design

to the casting design would result in an approximate 29-pound weight savings
per aircraft. Most importantly, these savings would be realized in the aft

section of the aircraft.

From a financial standpoint, the advantages of a casting design

"appear to be significant. Implementation costs for the casting design are
estimated to be $2.5 million. Crossover point before pay back of implementa-

tion costs ($2.5 million) is estimated to he at approximately the 113th unit.
It is estimated that a net cost avoidance of approximately $8.6 million could
be realized on a program of 500 shipsets using the proposed casting design.

The preceding statements relate to the buildup conventional

substructure design already released. If the original design had been the
casting concept, as described in this report, it is estimated that an addi-
tional $3.5 million in non-recurring costs could have been realized.
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FIGURE 135. VERTICAL STABILIZER BUILDUP DESIGN AND ATTACHING STRUCTURES",•
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b. Estimated Costs (1982 Dollars):

"Buildup and casting design estimated costs are compared below:

Non-recurring Estimated Costs:
;PN $6,000,000 Conventional Buildup Design
N 2,500,000 Alternate Casting Design

"Recurring Estimated Costs, Existing Buildup Design:

"$ 674,000 10 Shipsets

- 2,765,000 50 Shipsets
4,660,000 100 Shipsets

15,470,000 500 Shipsets

R',:curring Estimated Costs, Proposed Casting Design:
$ 188,000 10 Shipsets

771,500 50 Shlpsets

1,298,500 100 Shipsets

4,315,000 500 Shipsets

c. Standard Savings
Summations of the estimated savings of the proposed casting

design are presented below:

$15,470,000 - $4,315,000 = $11,155,000 Delta Difference
"(Recurring Cost Savings 500 Shipsets)

"$11,155,000 divided by 500 Shipsets = $22,310 Average

Shipset Savings

"$11,155,000 Recurring Savings (500 SS) $2,500,000 Implemen-

"tation Costs = $8,655,000.Net Savings

$2,500,000 Implementation Cost, Casting Program divided by
$22,310 113 Shipsets (Crossover Point)
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SECTION XII

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS j
The objectives of this program were accomplished by the development of the

following:

1. Design property information was developed and approved by the MIL-
HrRK-5 Committee.

2. Specifications and quality assurance acceptance criteria were develop-

ed which will eliminate the need for casting factors in the design of

structural aircraft quality aluminum castings. 04

3. The cost effectiveness of aluminum castings was demonstrated using

simple, semi-complex and complex configurations.

In addition, specific conclusions regarding the following were possible

1. The foundry manufacturing process variables which must be controlled

"to produce castings of consistent mechanical properties are (I) melt

composition, gas content, grain refinement, and metal temperature, (2)
mold materials and their placement, gating and risering system, and

(3) heat treatment temperature and times, load density and quenching

procedures,

2. The metallurqical qualities of the casting which control the mechani-

cal property capability and are affected by the foundry process are

"(1) radiographic quality, (2) microstructure refinement (DAS - A356

and A357 or Grain Size - A201) and (3) heat treat response capability.
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3. By controlling the manufacturing process variables and thereby

establishing the necessary casting quality, tensile properties of 50

ksi UTS, 40 ksi YS, and 3 percent elongation in A357-T6 and 60 ksi

UTS, 50 ksi YS, and 3 percent elongation in A201-T7 can be consistent-

ly produced.

4. The application of proposed Quality Assurance acceptance test crite-

ria will successfully identify configurations of each alloy which

meet minimum tensile property requriements.

5. The notched fatigue endurance limit of A357-T6 and A201-T7 structural

aircraft quality cast material was comparable to 7075-T73 wrought

products.

6. The fracture toughness of A357-T6 structural aircraft quality cast

material was comparable to 7075.,T751 3" plate, however, the average

fracture toughness value of A201-77 was slightly higher.

7. The resistance to fatigue crack propagation of A357-T6 and A201-T77

structural aircraft quality cast material is slightly inferior to

wrought aluminum 2124-T851 at higher 6 k values but is comparable

at lowerAk values.

8. Notched fatigue and tensile strength properties of A357-T6 and A201-T7

cast material are more severely affected by poor radiographic quality

than fracture toughness.

9. The use of weld metal to restore the quality of A357-T6 and A20l-T7

castings was successfully demonstrated. The tensile and fracture

toughness properties of the welded material were equal to or better

than those of the parent metal. The notched fatigue results were

inconcl usive.

10. Castings are most likely to be cost-effective in semi-complex or com- Opp

plex configurations.
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2. RECOMMENDATIONS

The following is recommended:

1. Additional damage tolerance information is needed for aircraft struc-

tural design considerations.

2. Additional tensile data from A201-T7 castings procured to the pro-

posed AMS specification are n.eeded to establish A and B design allow-

ables for MIL-HDBK-5.

3. NDI procedures need to be improved to evaluate radiographic quality of

castings with all thicknesses exceeding 1/2 inch.

I3
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APPENDIX A

FOUNDRY SURVEY
(SUMMARY),

,•..

'I.
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OBJECTIVE: To establish current level of technology.

SPECIAL AREAS OF INTEREST:

0 Tensile property capability of ahoy/process

* Foundry equipment, tests, and documentation required for process

control

* Recommended QA testing to assure user confidence

* Recommended user survey and first article procedures

* Problem areas related to user procurement practice I.

. Recommended process variables which need more evaluation to improve

tensile property reliability

0 Design producibility limitations of alloy and process

0 Specification changes recommended for MIL-A-21180

P.
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I.

FOUNDRIES SURVEYED

NAME/LOCATION Allojs Poured to MIL-A-21180 Reqirements

A356 A357 A201 A206 C355

INVESTMENT PROCESS:

* ~Rex Precision Products, Inc. X----

Gardena, CA

Golden State X X X - X

Port Hueneme, CA

Sigma Castings Corp. X X X X X

City of Industry, .CA

Arwood Corporation X X X - X

Tilton, NH

Cereast, Inc. X X X X

*: Montreal, Canada

Hemet Casting Co. X X - -- X

Hemet, CA

Anacast X

.* Fort Worth, TX

3I1
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FOUNDRIES SURVEYED
w'o

NAME/LOCATION Alloys Poured to MIL-A-21180 Requirements

A356 A357 A201 A206 C355

*. SAND COMPOSITE PROCESS

V&W Casthlgs X X - X X

Bell Gardens, CA

Hollywood Alloy X X X -,-

Compton, CA

Magnesium Alloy Products X X X .,-
Compton, CA

Alcoa X X

Corona, CA

Wellman Dynamics X x

Creston, IA

Hitchcock Industries X X X - X

Minneapolis, MN

Anacast x X - - X

Fort Worth, TX

Teledyne Casting X X - - x

Pomona, CA

Wallace R. Turner Corp. X X - - X

Cudahy, CA

Ross Aluminum X - - - X

Sidney, OH
.. I..

Morris Bean x x x x

Yellow Springs, OH
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GENERAL INFORMATION

HOURLY EMPLOYEES

INVESTMENT SAND COMPOSITE
NUMBER FOUNDRIES FOUNDRIES

Under 100 2 2

100- 199 2 2

200- 299 2 1 L

300- 399 1 2

400- 499 3

500- 599 1

RATIO OF HOURLY VS QC VS DEGREED EMPLOYEES:

NUMBER Q.C. - DEGREED Q.C. - DEGREED

Under 100 7 - 1 4.5 - 1.5

100- 199 16.6- 1.3 16.5 - 2.5

200- 299 33- 9 50- 5

300 - 399 30 - 0 21.5 - 0.5

400 - 499 40.3 - 5.7

500 - 599 60- 6

PERCENTAGE OF MIL-A-21180 CASTINGS:

INVESTMENT SAND COMPOSITE
NUMBER FOUNDRIES FOUNDRIES

Under 100 70 70

100- 199 18 25

200 - 299 52.5 90

300 - 399 32.5

400 -499 37

500- 599 65
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I A

IN-HOUSE FOUNDRY CONTROL:

TEST PROCESS 6

SAND COMPOSITE INVESTMENT

YES NO YES NO

MELTING

Spectrographic 11 0 6 0

Vacuum Test 10 1 4 2

Temperature 10 1 6 0

Fracture 2 9 2 5

Chill Plate 2 9 0 0

Grain Size 3 8 1 5

POURING TEMPT 11 0 6 0

SOLIDIFICATION

As-Cast X-ray 11 0 6 0

As-Cast Penetrant 11 0 5 1

Ultrasonic 0 11 0 6

HEAT TREATMENT

Hardness 9 2 6 0.

Conductivity* 1 2 3 1

Sep. Cast T/B 7 4 4 2

Attached TIB 11 0 3** 3

Gated T/B 2 9 3 3 r....
Excised T/B 10 1 4** 2

NOTES: * for 201 only
•* may be prolongation
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EQUIPMENT USED FOR FOUNDRY METALLURGICAL CONTROL AND PURPOSE

TESTING USED BY

EQUIPMENT PURPOSE S/C INVEST

Spectrograph Melt Chemistry 11 6

Gas Detector Melt Gas Content 10 4

"Pyrometer Melt Temperature 11 6

X-ray As-Cast Quality 11 6

Penetrant As-Cast Quality 11 6

Tensile H.T. Properties 9 5

Hardness H.T. Properties 10 6

Conductivity Heat Treatment 2 2

Ultrasonic Soundness 0 0
Metailographic Resolve Problems 9 2

(grain size, DAS, etc.)

Photographic Document Molding 11 6

PROCESSES DOCUMENTED FOR CONTROL

INVEST S/C

P/N G P/N G

* Melting 1 5 5 11*

Chomistry 3 4 8 7
Molding Materials & Assembly 6 0 10 1

* Rigging 6 0 lu 1

* Chilling 5 0 11 0

Pouring Temperature 6 0 11 1

Solu•Auon Treatment (T&T) 3 5 9 4

Quenchant (Type & Tempt) 3 5 9 2

Aging Treatment (T&T) 4 5 10 3
Weld Repair 5 3 7 6

NOTES: S /C Sand Composite

P/N Part Number

G General

T&T Temperature & Time

318
,..~-

• '~','.•''*" ".' '•" '.'" .*-.=. . " " • • . ' • " ' * , - • " . ' " s - " .* • ' '' •• k • % " * " * ' ' • '.,,•. • • - % . , - - , ". t , . .



FINAL INSPECTION AND TESTING (RECOMMENDED)

PROCESS

TEST SAND COMPOSITE - IN VESTMENT

Each Each Melt Reduced Each Each Melt Reduced

Casting H.T. Lot Sampling Castin H.T. Lot Sampling Other

Chemistry 9 1 4
, =-

X-ray 11 5 1

Penetran'. 11 6

DAS 3 2 (a)

ICTB or 6 3 2 (b) 4 2 (b)

Prolongation

SCTB 4S• (c) 1~c) 2(d) "
Excise T/B 2  4(c 1 2

Hardness 6 3 1 6

Conductivity 1(e) 3 (e)

NOTES: (r) MRB only SCTB - Separately Cast Test Bar

(b) Each HT Lot ICTB - Integrally Cast Test Bar

(•) By count DAS - Dendrite Arm Spacing

(1) F.A. only

(e) 201 only

FIRST ARTICLE FOUNDRY CONTROL APPROVAL PROCEDURE
Invest S/C

Necessary Yes 6 11

No 0 0

"Should be Performed

DQ _

Foundry and User 3 3 3 3
Independently

Comuinedl 3 4 8 5

Approved Lab 3

NOTES: D - Dimensional

Q - Quality "
Requir~ements Should be More St in-gent for F IA

Yes 1

No 5 7
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ARE USER SURVEYS OF FOUNDRIES DONE ADEQUATELY TO IDENTIFY THOSE
FOUNDRIES CAPABLE OF MAKING MIL-A-21180 CASTINGS?

Inv. S/C

Yes 3 4

No 2 6

WHAT IDENTIFIES A FOUNDRY THAT IS CAPABLE OF PRODUCING MIL-A21180
CASTINGS?

A. Technical rapablity - as measured by:

Investment Foundries

- Performance record

- Test results of production castings

- Experience between user and foundry

- Quality of customers

- Traceability of records

- Check results w%.th customers

- Ratio of QC personnel to production

- Ratio of degreed personnel to production

"- Spot audits by user

- Compliance to QC manual

Sand Composite Foundries

- Observe fotundry control tests and equipment

- Active technical staff

- In-house testing equipment

- Contvol documentation

- Ratio of degreed engineers

- Test results

. Intuition

- Housekeeping

- Attention tu details

- Pride of workmanship

- Experience

- Reputation
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Sand Composite Foundries (Continued)

-Knowledge of 1)AS

-Customer list

B. ~Traceability of records

B.Management Interest -

Investment Foun&ries

- Personal judgemnent

-P Ie:formance records -
-QC and engineering perso~nnel

- RFQ exceptions tr

- Good housekeeping

- Price quoted

-Solicitation of bids,
- Fioundry records

- Customer reco~rds

Sand Comnposite Foundries

- Shows interest In RVQ

- Past experience

- Present product mix

- Record of performance
- Customer list

PROCUREMENT PROCEDURES Yes N

SIC Iniv. SIC Inv.

*a. Does transferred equipment produce acceptable 3 4 7 2

parts?

*b. . Does delivery pressure reduce the quality 4 2 6 4

development effort?

c c. Are customers approved sources capable? 8 4 1 1

d. Does annual~ re-bid requirement reduce - 1 10 5

Interest?
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SPROCUREMENT PROCEDURES, (Continued) Yes NO
S/C Inv. S/C Inv.

e. Do ambiguous requirement call-outs necessitate 5 1 5 5

price-padding or gambling?

f. Is customer slow to provide clarification? 4 2 6 '4

g. Usually a slow feedback from customer? 3 2 7 4

* h. Do customer representatives understand 3 4 7 2

foundrywork?

i. Are specifications more complicated than 1 2 8 3

necessary?

j. Too many specifications 2 3 - -

Too few specifications 1 0 _ -

Number O.K. 5 2 4 1

k. Do RFQ and P.O. contain all the necessary 5 5 4 1

in formation?

1. Is a casting drawing supplied? 8 5 1 -

m. Is a machined part drawing supplied? 2 - 6 -

n. Is a machined part drawing wanted? 4 4 1 1

PROCESS VARIABLES REQUIRING MORE EVALUATION

A. Investment Foundries -

e None

* .Microshrinkage effect on tensile properties

a Strontium modification procedure

* (Better user analysis of requirements to prevent over-design)

B. Sand-Composite Foundries

* Silicon modification procedure usinF, sodium and strontium K.

* Effect of phosphorous on silicon modification

* Properties vs grain size and DAS

e Thermal gradient vs gas content vs tensile properties

* Tensile prop'erties vs thickness
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B. Sand-Composite Foundries (Continued)

"* Quench rate vs thickness
"* Realistic range for iron and magnesium contents

"* SCC of C355
"* Effect of DAS
"* Development of higher strength alloys
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WHAT SHOULD BE CHANGED IN MIL-A-21180?

A. Remove from specification

Investment Foundries

No. of

Replies Item

2 Higher X-ray quality of first article

2 Heat treat requirements - recommend only

2 Temperature of quenchant (MIL-H-6088)

1 Destructive testing for large parts

1 Destructive testing for all parts

1 Nothing (to keep out inferior foundries)

1 Reference to MIL-C-6021 and information to specification

1 Tensile property requirement for designated areas

1 Raised serial numbers requirement

Sand Composite Foundries

No. of

Replies Item

7 Higher X-ray quality of first article

1 Maximum on Beryllium content

2 Minimum on Titanium content

3 Heat treat requirements - recommend only

4 Quench temperature

1 Grade "A" X-ray requirement

3 Minimum on Beryllium -content

2 Maximum on Magnesium content in A356
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B. Add to Specification

Investment Foundries

No. of

Replies Item

1 Better radiographic standardsI!
1 Sampling plans "

1 Correlation of tensile properties with X-ray requirement

1 Requirement to show high stress areas on drawing

1 Minimum change in thickness which requires additional test

1 Test bar size applicable to investment process (minimum
thickness)

1 Test requirement for prolongations

1 Requirement for yield strength range of 2 ksi for all
areas of the casting

Sand Composite Foundries

No. of

Reples Item
4 Requirement for integral attached coupons

3 Sampling frequency for destructive testing small lots

1 Property levels by process

1 Round gas porosity radiographic quality should be allowed
one plate higher in A357

1 Greater taper allowance in tensile specimens

1 Retest provisions which allow witnessing by foundry

1 Sampling plans now in MIL-C-6021

I Thin tensile specimen dimensions which allow more width

1 Tensile specimen locations

1 Provisions for lower tensile properties in riser areas

1 Range of A356 magnesium content should be 0.25-0.45%

2 Provisions for weld repair

3 Correlation of property level to radiographic quality
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tp.

DESIGN PRODUCIBILITY LIMITS

Investment Process (aU alloys)

Minimum Thickness Maximum Thickness
"' (inch) (inch)

0o.06 (3) 0.375 (2)

0.070 (1) 0.250 (1.)
0.0o0 (3.) 0.750 (2)

1.500 (1) '
2.000 (1)

( ) Number of foundries responding

Sand Composite Process

Alloy Minimum Thickness Maximum Thickness
(inch) (inch)

ii356 0.06.(1) 0.75 (2)

0.10 (3) 1.00 (1)

A357 0.12 (1) 2.50 (1)

0.12 (1) 3.00 (3)

0.18 (1) 5.00 (2)
0.25 (1)

A201 0.14 (3) 3.00 (3)

0.15 (1) 5.00 (1)

( ) Number of foundries responding

o.4
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APPENDIX B

CASTING USER SURVEY (SUMMARY)

L

32
327



4..

'NORT ORP , AIRCRAFT ODVISION "

USER SURVEY PURPOSE: to determine the utlizatlbn base of aluminum castings

procured to MIL-A-21180 type specification require-

ments for military airframe applications.

328
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USER SURVEY SUMMARY OUTLINE

I. COMPANIES SURVEYED AND TYPES OF PERSONNEL INTEPVIEWED

II. RELATIONSHIP OF MINIMUM TENSILE PROPERTY REQUIREMENTS AND

CASTING ALLOY AkD FOUNDRY PROCESS

II1. DESIGN/STRESS CONSIDERATIONS

IV. DESIGN PRODUCIBILITY PROCEDURES

V. QUALITY ASSURANCE REQUIREMENTS

VI. FOUNDRY QUALIFICATION
I+SVII. POUENTSPECIFICATION REQUIREMENTS

I. Companies surveyed and types of personnel interviewed

A. Military airframe manufacturers surveyed were:

1. Boeing Military Airplane Co.

Wichita, KS

2. Fairchild Rlepublic Corp.

Farmingdale, NY

3. General Dynamics

Fort Worth, TYX

4. Grumman Aerospace Corp.

Bethpage, NY

5. Lockheed-Georgia

Marietta, GA

6. Lockheed-California Co.

Burbank, CA

7. LTV Aerospace Corp.

Dallas, TX

8. McDonnell Douglas

St. Louis, MO

9. McDonnell Douglas

Long Beach, CA
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10. Northrop Corp. j
Hawthorne, CA

Other companies surveyed because of their high usage of MIL-A-21180 H
castings were:

1. The Boeing Company I
Seattle, WA

* ALCM Program

0 Cast Program

2. Bell Helicopter

Fort Worth, TX

3. Hughes Helicopter

Culver City, CA

B. Personnel interviewed represented the following departments:

Materials and Process

Structural Analysis

Design

Quality Control

Producibility ,p.

Procurement

C. Survey Time Period

Survey was conducted within a time frame of April-July 1980.

NO. OF AFFIRMATIVE
III. DESIGN /STRESS CONSIDERATIONS RESPONSES

A. Casting Property Minimums Are Specified 13

B. Castings Are:

1. Critical to Flight Safety or Release of Stores 9

or Abortion of Mission

2. Have Redundant Load Paths 5

3. Classified in Accordance with MIL-C-6021 13

330



X-Ray Grades Designated 9

Property Level Designated 8

C. Component Structural Test Is Used to Qual fy Each Design

Class 1 Only 5

Classes 1, 2, and 3 4

D. Casting Factor is Used in the Stress Analysis 9

E. What Casting Factor Is Used in the Stress Analysis?

1.00 3 1.25 2 1.33 7

1.50 3 2.00 1 3.00 1

F. Where Does the Requirement for a Casting Factor Originate?

MIL-008860A 6

AFSC DH 1-2 4

Company Policy 4

In Lieu of Structural Test I

G. What Is Required to Eliminate Use of Casting Factor?

1. Delete requirement in MIL-008860A and AFSC DH 1-2 3

2. Develop QA procedurG for higher reliability 6

3. Develop statistical basis for allowables 1

4. Develop more test data to show consistency 3

5. Explain evolution of process which provides higher 1

and more reliable properties

H. Additional Information Needed for Primary Structuie/UsatV. i

1. Publish flight test history I

2. Increase minimum property level to equal wrought alloys 2

3. Develop damage tolerance and fracture toughness 8

information
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"IV. DESIGN PRODUCIBILITY PROCEDURES

A. Is Producibility Criteria Defined in Company Design Manual?

1. General (all quality) 12

2. Specific (premium quality) 0

B. Who Review Drawing to Determine Producibility? I.,

1. User Team 4
2. Foundry (red-line) only 3

3. Producibility Engineer only 4

4. M&P Engineer only 3

C. Do Drawings Specify Method of Production?

(Investment - Sand - PlM)

Yes 9

No 3

- V. QUALITY ASSURANCE REQUIREMENTS

A. How Are Production Castings Selected for Destruct Testing?

At Random 5

2. Least Acceptable X-Ray 3 N

3. Not Required 4 -

-B. What Frequency of Destruct Testing is Used?

1. MIL. STD-105 (Each Melt/H.T. Lot) 2

2. By Count 5

3. Preproduction Only 4

4. Each Heat Treat Lot I

*" C. Specify Location Excised Test Bars Are to be Taken 7

D. Tensile Specimens Are Retested if Failure Occurs Through 11

a Flaw That is Radiographically Acceptable? .

"E. Tensile Tests Procedures Are in Accordance with ASTM E8? 11 C'.

F. Restrict the Use of Process Welding 11

G. Identification Required for Traceability:
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"On the Casting

"Vibro Etched or Ink Stamped Cast-on

Serial No. 3 1

Melt No. 4

H,.T. Lot 5

X-Ray No. 8

H. Tests Used That Are Not Required by MIL-A-21180:

1. Integral Test Bar 9

2. DAS I

3. Hardness 100% 1

4. Special Technique for Measuring % Elongation 1

"5. Separately Cast T/B 4

6. Integrally Gated Test Bar 1

I. Who Pays the Testing Facility? User Foundry

1. NDT 5 7

2. Tensile 5 9

J. Who Tests First Article? NDT Tensile DIMS

1. Foundry (at approved lab) 9 5 10

2. User 4 6 6

3. Combined 3 2 7

4. Independently 3 4 3

K. Who Does Production Testing? Approved Source User ,Both

1. Chetnistry 11 1 1

2. Fenetrant 9 2 1

3. X-Ray 12 0 5*

4. Hardness 3 7 2

5. Tensile - INT T/B 5 1 1

"- SEP TIB 3 - -

- EXC T/B 5 4 -

"6. Dimensional 6 2 4
t,

1

*Note: Review only

L, Record Is Maintained of Foundry Performance 12
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VI. FOUNDRY QUALIFICATION PROCEDURE RESPONSES

A. A Qualified Source List Is Used 5

B. MIL-A-21180 Sources Are Identified 1

C. Who Determines Qualified Source for MIL-A-21100 Castings?

1. Team Survey Only 1

2. QC Only 11

3. Purchasing Only 1

4. Engineering Only 0

D. What Determines Source Capability?

1. Special Equipment 7

2. Technical Personnel 7

3. Performance History 10

4. QC Documentation 7

5. Management Interest 3

E. When Is Source Requalification Necessary?

Change of:

1. Technical Personnel 4

2. Management 4 '

3. Quality Performance 5

VII. SPECIFICATION REQUIREMENTS

A. MIL-A-23.180 or a Similar Company Specification Used for 13,.

Casting Procurement?

B. What Modifications Are Needed to MIL-A-21180?

1. Add provisions for a qualified source list 2

2. Remove MIL-STD-105 8

3. Eliminate requirement for higher X-Ray grade of pre- 10
production part

4. Add provision for allowing process welding 5

5. Add requirement for cast-on serial number 2
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6. Change "required" H. T. procedure to "recommended" 2

H.T. procedure

7. Increase tensile property requirements for prmproduction 1

ca~sting r

8. Equate testing raq'lrement'1 with margin cf safety 1

9. Remove "Options" 2

N. Add requirement for ihtegral attached c4.upon or 6

prolongation

11. Relate minimura properties to molding process 3

12, Define conditionsl which allow retesting 3

13. Provide for testing of casting too small to excise 2

tensile specimen

14. Establish QA test requirement for each process variable 2

15, Eliminate I.% elongation requirement 1

16. Remove requirement to negotiate properties with foundry 1

Vt, Relate to margin of saZety 1

18. Reduce tetitng with confidence 1

19. Remove alloy and property requfrements (use drawing 1

notes)

20. Improve tensile test procedure (defects have greater 1

effect on smaller specimens; therefore, property t.
minimum should be lower)

21. Relate X-ray quality and tensile properties 2

22. Define surface quality 1

"23. Establish schedule for preproduction qualification 1

24. Delete alloys ,355, 354, A357 2

25. Delete grade "A" X-ray requiement 3
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AN EVALUATION OF RADIOGRAPHIC PROCESSES FOR lee

DETERMINING GRADE C QUALITY MATERIAL k

Background

The purpose of this ta.-k was to determine the transition thickness of the

casting for a grade "C" defect. The transition thickness is defined as that
thickness in which a known grade of defect appears to be acceptable at the
next higher grade. In this instance, the transition thickness occurs when the

"C" defect appears to be acceptable as grade "B" radiographic quality. Cast-

ing plates 0.12 inch and 0.14 inch thick with grade "C" dross, gas porosity

and sponge shrinkage respectively were collected from several foundries. The
thin plate with the defects was sandwiched in between wrought aluminum plates

of various thickness and x-rayed. Various x-ray tec:hniques were evaluated to
maximize the transition thickness, Three independent x-ray laboratories were

consulted to read the films so that the variation of defect level due to human
factors could be minimized or eliminated.

General Procedure:
*" I. ,

a. Place flawed materic*l (with gas) in the center of the stack. -N

b. Sandwich the flawed plate with 0.050 inch thick 6061 aluminum plates
(thickness of stack 0.220 inch) and x-ray.

c. Sandwich the flawed plate with 0.50 inch thick, 6061 aluminum plates
(thickness of stack 0.320 inch) and x-ray.

d. Sandwich b. with 0.150 inch (thickness of stack 0.520 inch) and L
x-ray.

e. Sandwich b. with 0.050 inch, 6061 aluminum plates (thickness of stack
0.620 inch) and x-ray. , 0"

II. Determine when the radiographic image changes from grade "C" to grade
"B". If the image appears to be grade "B", then go back to process d,

or process c.

11. Compare the above x-ray reading with:

a. Flawed plate on top of stack.
b. Flawed plate on bottom of stack.

IV. Repeat the above with flawed material of shrinkage and dross, respec-

tively.
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Radigraphi Tecnqus

Standard (A) + (A) +
Process (A) Beryllium Long Exposure

Window Time

Exposure Time (Seconds) 45 60 180

Milliamperes 7.5 15 3.5
Kilovolts 50-80 50-100 50-60

Focal Film Distance

(Inch) 36 45 45

Focal Spot Size (inch) 0.059 0.098 0.059
Ug (Unsharpness Inch) 0.0016 0.0021 0.0016

Results:

The standard "C" quality grade defect was interpreted as a "B' quality
grade defect when the stack thickness was increased. The results were as

follows for each radiographic technique.

:-? Standard Technique:

Radiographic Quality

Stack I-

"Thickness K.V. Gas Porosity Sponge Shrinkage Dross. Less Dense
(Inches)

"0.220 50 C C C
0.300 55 C C C

0.380 60 C B C
0.460 65 B B B
0.540 70 B B B

0.610 75 B B B
0.900 80 B B B

338



Standard Technique Plus Beryllium Window:

Radiographic Quality
Stack

Thickness K.V. Gas Porosity Sponge Shrinkage Dross, Less Dense
(Inches)

0.340 55 C C C

0.440 60 C C C

0.540 75 C C C

0.640 80 C C B ,

0.740 85 B C A

0.830 95 B B A %
0.930 100 B B A

Standard Technique Plus Long Exposure:

Radiographic Quality
Stack

Thickness K.V. Gas Porosity Sponge Shrinkage Dross, Less Dense
(Inches)
0.200 50 C C C

0.340 52 C C C

0.400 54 C C C

0.540 56 C C C

0.640 58 B C B

0.640T* 58 B B

0.640B** 58 B B/C B

0.700 60 B A A
*Defect plate on top of stack.

"**Defect plate at bottom of stack

I-

L
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SUMMARY AND CONCLUSIONS:

.1 The acceptable thicknesses range for the three types of defects evaluated,

varied by technique in the following manner:

STD Technique 0.300 - 0.380 Inch

STD + Berylliumi Window 0.540 0.740 Inch

STD + Long Exposure 0.540 - 0.540 Inch

2. The maximum thickness of material for which all types of Grade C defects

could be detected was 0.540 inches thick.

3. The special processes were considered to be equal to each other but better

* than the standard radiographic process in their capability to determine grade

"C" quality defects.

340
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STATISTICAL ANALYSES OF MECHANICAl PROPERTY DATA FROM
NORTHROP CORPORATION/AIR FORCE CASTING RESEARCH PROGRAM

Introduction and Data Description

Mechanical property ddta from the Northrop Corporation/Air Force
casting research program (reference 5) was submitted to Battelle's Columbus
Laboratories for statistical analyses utilizing funds from the MIL-HDBK-5
program. Mechanical property data for A357-T6 castings from Suppliers A and
B were received in reference (1) and (4) while data for A2O1-T-7castings from
Suppliers C and D were transmitted via references (2) and (3), respectively.
The castings were produced to Northrop specifications. The test specimens
were from a standard step plate with specimens taken from "designated" and
"nondesignated" areas of the plate. On the drawing of a cast part, the
"designated" ar'ea shows the area having maximum str'esses while the "non-
designated" area has lower stresses. Obviously, the highest mechanical prop-
erties are required in the "designated" area.

Approximately 50 tensile property observations were available from
the "designated" area and 30 observations from the"nondesignated" area for
each supplier. The tensile properties were obtained from step plates repre-
senting five melts with castings heat treated ir, two heat treat lots sonsti-
tuting 10 lots of castings for each supplier. Compression, shear, and bear-
ing data were also available for five lots of castings from each supplier.
One compression, shear, bearing (e/D = 1.5), and bearing (e/D = 2.0) test
specimen was taken from each of five lots of castings for each supplier.

Summary

Statistical based MIL-HDBK-5 design mechanical property values
were determined for A357-T6 cast test plates. The data from the two sup-
pliers were representative of cast test plates produced to stringent Northrop
specifications. An equivalent public specification is not yet available.
Such a specification has not been accepted by casting suppliers and the
producibility of cast parts to such a specification has not been investigated.
It is not known whether the statistical based A and B values for tensile yield
with ultimate strength will be representative of cast parts. Consequently,
it is reconiended that a program be undertaken to demonstrate this applica-
bility as soon as cast parts are available to this new specification. It is

(1) Northorp letter, Oswalt to Ruff, dated August 18, 1983 (MIL-HDBK-5
Source M4-585).

(2) Northorp letter, Oswalt to Ruff, dated August 4, 1983 (MIL-HDBK-5
Source M-599).

(3) Northrop letter, Oswalt to Ruff, dated August 30, 1983 (MIL-HDBK-5
Source M-601).

(4) Northrop letter, Oswalt to Ruff, dated January 18, 1984 (MIL-HDBK-5
Source M-605).

(5) "Manufacturing Methods for Process Effects on Aluminum Casting Allow-
ables", Northrop Corporation, Air Force Contract F33615-79-5116.
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believed that it will not be necessary to validate the reduced (lower toler-
ance limit) ratios used to compute the compression, shear, and bearing design
values since it is unlikely that these ratios would vary significantly from
the test plate to the part.

The A201-T7 mechanical property data representative of cast test
plates from two suppliers were analyzed to determine MIL-HDEK-5 design values.
The test plates were produced to stringent Northrop specifications. The
tensile yield and ultimate strength populations for the two suppliers were
different and could not be combined. The distributions of tensile yield and
ultimate strengths in the "designated" area were non-normal for one supplier
and A values could not be determined nonparametrically due to the small sample
size. This supplier produced the lower strength material. According to MIL-
I4DBK-5 guidelines A and B values are based upon the supplier producing the
lowest strength material when data from various suppliers cannot be combined.
Consequently, A and B values for A201-T7 could not be determined due to the
small quantity of data. Reduced (lower tolerance limit) ratios, which can
be used to compute compression, shear, and bearing design values after~ the
design values for tensile yield and ultimate strength have been established,
were determined. The comments regarding the applicability of A357-T6 tensile
property data to cast test parts are equally appropriate for A201-T7.

AnaysesofA357-176 Data

The A357-T6 tensile data from Suppliers A and B were analyzed to
determine A and B values* in accordance with MIL-HDBK-5 guidelines (Chapter 9).
The following equations were used to compute these values:

A -k~s A
B k kS, "

where sample mean based on n observations

s = standard deviation

kA = one-sided tolerance-limit factor correspondingI
A to a proportion at least 0.99 of a normal

distribution and a confidence coefficient of
0.95

kB one-sided tolerance-limit factor corresponding
B to a proportion at least 0.90 of a normal
distribution and a confidence coefficient of
0.95.

Summaries of the statistics are shown in Tables I through 4. The distributions
were normal for both tensile yield and ultimate strengths for both the "designated"

*A..value. The mechanical-property value above which at least 99 percent of
the population of values is expected to fall, with a confidence cf 95 percent.
B-value. The mechanical-property value above which at least 90 percent 01,

Ni

the popuplation of values is

Th AO-T mcanca roerydaa ereenaiv o 3s4.et4•

plates. .................................ed .odeemie.I- - deig vales
Th etpae wer prducd.t.stingnt.ortropspeifitinsl.h
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and "nondesignated" areas for both Suppliers A and B with the exception of
the tensile ultimate strength for the "nondesignated" area for Supplier B.
This non-normal distribution was negatively skewed as shown in Figure 1.
An A value for this non-normal distribution could not be determined non-
parametrically because of the small quantity of data. The A and B values
for the "designated" and "nondesignated" areas for Supplier A were nearly
i denti cal.

The variances were very low possibly due to the fact tle data were
from a standard test block (one configuration and thickness). For Supplier
B the yield and ultimate tensile strenqths of the "nondesignated" area were
slightly lower than those of the "designated" area. Since the values for mean
and standard deviation appeared similar for the two suppliers, the "F" and
"t" tests were conducted in accordance with MIL-HDBK-5 guidelines to deter-
mine if the data from the two suppliers constituted a single population. The
"F" test is used to first determine whether the two sample variances differ
(or do not differ) significantly, after which the "t" test is used to eval-
uate whether the two sample means differ significantly. The results of the
tests are shown in Tables 5 and 6. For the "designated" area the variances
of Suppliers A and B did not differ significantly; however, the averages
differed significantly. Consequently, the data from the two suppliers con-
stituted different populations and should not be combined. For the "non-
designated" areas, the variances for tensile ultimate strength as well as
the averageswere significantly different. A comparison of A and B values
with S values from MIL-A-21180 is shown in Table 7.

According to MIL-HDBK-5 guidelines, a minimum of 100 observations
are required for the determination of A and B values for incorporation in
MIL-HDBK-5. If the A and B values for material (from Supplier B) having the
lower strength were utilized for MIL-HDBK-5 A and B values, the quantity
(50 observations) of data would not comply with the MIL-HDBK-5 guidelines.

Although the "F" and "t" tests indicated that the tensile yield
and ultimate strength averages for the "designated" area were not equiva-lent, the magnitude of the differences were small (3 percent or less); ..

consequently, the data from Suppliers A and B were combined and reanalyzed
with the results shown in Table 8. The variances increased compared to
variances in Tables 1 and 3 and the distributions were normal. The A and
B values were very similar to the A and B values for each supplier.

The A-values from the two suppliers as well as the A values from
the combined data from the two suppliers support a specification value of
50 ksi for tensile ultimate strength and 40 ksi for tensile yield strength.
If a new specification is established using these specification minimum
values, the S basis value would be used in lieu of the tensile yield strength
A value in the MIL-HDUK-5 design allowable table because the A value is
higher than theS value. The A value and S value for tensile ultimate strength
would be the same. The B values from Table 7 could be used in the designal-
lowable table. The A and B values for tensile yield and ultimate strength
in the "designated" area are presented in Table 22. It is recommended that
A and B values not be established for the "nondesignated " area because these
properties are concomitant to the properties in the "designated" area. The
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cooling rate of material in the "nondesignated" area may be slower- (due to
the absence of chill bars) and the radiographic quality requirements as
specified on the drawing may be lower than for the"designated" area. Al-
though the properties in the "nondesignated" area were not significantly
different than those for the "designated" area in this investigation, it is
recommended that specification minimum values for tensile yield and ultimate
strength be established arbitrarily at 10 percent below the specification
values for the "designated" area. Hence, the specification values for the
"nondesignated" areas are 45 ksi for tensile ultimate strength and 36 ksi
for tensile yield strength as shown in Table 22. The elongation data ex-
hibited a non-normal distribution and A values could not be determined non-
parametrically because of insufficient data. Elongation values are presented
on an S-basis only in MIL-HDBK-5. It is recommended that specification mini-
mum elongation value be 3 percpnt for the "designated" area based upon the
B value and 2 percent for the "nondesignated" area based upon an arbitrary
33 percent lower value due to less stringent radiographic requirements for
the "nondesignated" area.

Design values for compression, shear, and bearing strengths are
normally derived because the quantity of data is usually insufficient to de-
termine these allowables in the same manner as for tensile yield and ultimate
tensile strengths. These mechanical property values are established through
their relationship to the directly calculated values (A, B, or S) for tensile
ultimate strength (Ftu) and tensile yield strength (Fty) The procedure in-

volves the pairing of individual (or lot average) shear ultimate strength
(SUS) and bearing ultimate strength (BUS) measurements with corresponding
tensile ultimate strength (TUS) for which Ftu has been established to form-

ratios. Likewise, individual compressive yield strength (CYS) and bearing
yield strength (BYS) measurements are mated with tensile yield strength (TYS)
measurements for which F has been established to form ratios.

ty
The design values for compressive yield strength (F ), bearing

cy
yield strength (Fb), shear ultimate strength (Fu), and bearing ultimate

b ry su
strength (Fbru) were determined using the computational procedure in the

MIL-HDBK-5 guidelines (Chapter 9). The following equation was used to compute
reduced ratios:

- to 9 5 s
R r

where R = reduced ratio
r average of ii ratios

s standard deviation of the ratios

t = the 0.95 fractile of the t distribution corresponding to
09 n-l degrees of freedom

n number of ratios
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For the A357-T6 castings, one compression, shear, and bearing test '
was conducted on each lot; therefore, individual compression, shear, and
bearing values were mated to the individual companion tensile value - not
the tensile value representing the lot average. Since the tensile strength
observatins varied considerably for some lots, this procedure provided more
accurate ratios. Compression, shear, and bearing data were analyzed sepa-
rately for "designated" and "nondesignated" areas of the casting. Only five
ratios were available for each of the two areas. The results of these ana-
lyses are presented in Tables 9 through 16. A comparison of the average
ratios for the "designated" and "nondesignated" areas is shown in Table 17.
For SupplierB the average ratios for the "nondesignated" area were higher
than for the "designated" area. This fact is somewhat difficult to explain.
The difference may not be significant and may be due to the small sample size
(five ratios). The ratios for the "designated" and "nondesignated" areas ex-
hibited reasonable good agreement. Since there is considerable risk Involved
in attempting to determine whether two populations or data sets are signifi-
cantly different for small quantities of data, the data for the "designated"
and "nondesignated" areas for each supplier were combined and reanalyzed. A
summary of the resulting reduced ratios is presented in Table 18. Since most
of the mechanical property ratios for the two suppliers exhibited reasonably
good agreement, the data for the two suppliers were combined and reanalyzed
with the results shown in Tables 19 and 20. The reduced ratios used to compute
the compression, shear, and bearing design values for A357-T61 castings in
MIL-HDBK-5 Table 3.9.6.0(b) were determined via Item 65-5 and approved at the
30th Meeting. The Boeing Company also determined reduced ratios for A357-T6
in the CAST program, reference (6). A comparison of the reduced ratios de-
termined from the data from Suppliers A and B with those used to compute ex-
isting design allowables and those from the CAST program are shown in Table 21.
The reduced ratios for castings from Suppliers A and B and those from the

- CAST program exhibited fairly good agreement except for S which was 14 percent
TUS

"higher. The difference in the TiS reduced ratios may have been caused by the
T CS

use of different types of shear tools since there are no standards for shear
testing. The other mechanical property ratios when compared to the Boeing
reduced ratios exhibited less than 6 percent difference. The reduced ratios
for A357-T61 castings used to compute the existing design values in MIL-HDBK-5
were based upon limited data and, therefore, are conservative, except for

SUS/TUS and BY- , e/D = 1.5, which are unconservative based upon the NorthropTYS

data, As a result of this comparison, the reduced ratios determined from the
data from Suppliers A and B appear reasonable and have been used to compute
the compression, shear, and bearing design values in Table 22.

When an AMS or government material specification, which is equiva-
lent to the Northrop specification used to procure the castings tested in this
program, is published, the design allowables presented in Table 22 can be con-
sidered for inclusion in MIL-HDBK-5. The design values in Table 22 are based

(6) McLellan, D.L., "Cast Aluminum Structures Technology (CAST) Structural
Test and Evaluation (Phase V) Part III - Static Property Allowables",
AFWAL-TR-80-3021. April 1980.
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upon data from test plates. A stringent material specification representative
of the specification used to procure these test plates has not been accepted
by the casting suppliers and actual parts have not been produced to such a
specification. The producibility of cast parts to such a specification has
not been investigated. It is not known whether the A and B values for tensile
yield and ultimate strengths shown in Table 22 will be representative of cast
parts; consequently, it is recommended that a program be undertaken to demon-
strate this applicability as soon as cast parts are available to this new
specification. It is believed that the reduced ratios for compression yield
strength, shear ultimate strength, and bearing yield and tiltimate strengths
would not vary greatly from test plate to cast part; consequently, there is no
need to determine the validity of the reduced ratios for cast parts. The de-
sign values for A357-T6 in Table 22 represent the capability of a specific
process and procurement specification and perhaps could be incorporated into
MIL-HDBK-5 with an appropriate footnote of caution.

Analyses of A20!-T7 Data

The A201-T7 tensile data from Supplier C and Supplier D were analyzed
to determine A and B values in accordance with MIL-HDBK-5 guidelines. Sum-
maries of the statistics are shown in Tables 23 through 26. As indicated in
Table 23, the distributions of the Supplier C data from the "designated" area
were non-normal. The distributions tended to be bimodal as shown in Figure 2.
Investigation revealed that specimens at the Tl and T3 locations, which were
adjacent to risers, exhibited approximately 10 percent lower tensile yield arid
ultimate strengths compared to specimens at the T2 and T4 locations accounting
for the bimodal distributions.

The distributions of the Supplier C data from the "nondesignated" area
were normal as shown in Table 24. The mean values for the strengths from the
"designated" area were about 3 ksi higher than from the "nondesignated" area for
the Supplier C data. Due to the small quantity of data, nonparametric analysis
was not applicable for determination of an A value.

For the Supplier D data, the distributions were normal for both the
"designated" and "nondesignated" areas, Tables 25 and 26. There did not appear
to be any significant difference in the mean and standard deviations for the
"designated' and "nondesignated" areas of Supplier D castings.

A visual examination of the values for the mean and standard devi-
ations for Supplier C and Supplier D data revealed sufficient differences in
mean and standard deviation values to suggest that the two samples were sepa-
rate populations. In order to determine definitely whether the samples were
from different populations, the "F" and "t" tests were conducted in accordance
with the guidelines. The results from performing these tests, as displayed in
Tables 27 and 28, indicated conclusively that the data from Supplier C and
Supplier D constituted different populations in both the "designated" and "non-
designated" areas and these data should not be combined.
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In order to determine the effect of combining a sample having a
normal distribution with one having a bimodal distribution, the data were
combined and reanalyzed, Table 29. The resulting distributions for both
yield and ultimate strengths were negatively skewed as shown in Figure 3.
Although negatively skewed, the distribution of the ultimate tensile
strength values was normal according to the Chi-square test while the
distribuiton of the tensile yield strength values were non-normal. Due to
the small sample, nonparametric analysis for determination of A values was
not applicable. The two samples should not be combined for the determina-
tion of A and B values since they were from different populations.

To summarize, the tensile yield and ultimate strength populations
lor Suppliers C and D were different and could not be combined. The distri-
butions of the Supplier C tensile strength data from "designated" areas were
non-normal and A values could not be determined nonparametrically due to small
sample size. The distributions of the Supplier C data from "nondesignated"
areas were normal. The mean values were about 3 ksi lower for the "non-
designated" than for the "designated" area. The distributions of the Supplier
D tensile strength data were normal for both the "designated" and "non-
designated" areas. There did not appear to be any significant differences
in the streng'ths of the "designated" and "nondesignated" areas. The mean
strengths of the Supplier D castings were higher than for Supplier C castings.

The A and B values for A201-T7 castings produced by Supplier C and
- Supplier D were compared to MIL-A-21180 specification values in Table 30.
*" The specification values from the Northrop specification were unknown. The

A values for the Supplier D castings were higher than the MIL-A-21180 S values
"for both the "designated" and "nondesignated" areas.. For Supplier C, the
tensile ultimate strength A value was 4 ksi lower, than the MIL-A-21180 S value
for the "nondesignated" area. Although an A value could not be determined
for Supplier C castings for the "designated" area, the nonparametrically de-
termined B value for tensile ultimate strength was equal to the MIL-S-21180
S value; consequently, the A value would be lower than the S value.

The MIL-HDBK-5 guidelines specify that when the data from different
"suppliers constitute different populations, the A and B values shall be based
upon the data from the supplier of the lowest strength material. However,
for A201-T7, A values could not be determined from the data for the supplier
producing the lowest strength material. If A values could have been de-
termined, these A values would not have been acceptable for inclusion into
MIL-HDBK-5 because of the small sample size. The MIL-HDBK-5 guidelines re-
quire at least 100 observations for the determination of A and B values.
Consequently, additional data are needed to determine A and B values for
A201 -T7.

Compression, shear, and bearing data were analyzed separately for
"*.• the "designated" and "nondesignated" areas of casting for each supplier.

Individual compression, shear, and bearing values were "paired" to the
-. companion tensile value, not the tensile value representing the lot average

because of the considerable variation in tensile strength within a step test
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plate for Supplier C. The results of these analyses are presented in
Tables 31 through 38. Only five ratios were available for each of the two
areas for each supplier. For Supplier C data, the ratios for lot AlOl were
discarded because the ratios were significantly higher than the other four
lots. Investigation revealed that the tensile yield and ultimate strengths
of the companion tensile specimen were unusually low causing high ratios.
A comparison of the average ratios for the "designated" and "nondesignated" N

areas is shown in Table 39. For Supplier C the average ratios were higher
for the "nondesignated" area than for the "designated" area. This fact is
somewhat difficult to explain but may be due to the small sample size (four
"ratios in some cases). For Supplier D the average ratios for the "designated"
area were about the same or higher than those for the "nondesignated" area.
There is considerable risk involved in attempting to determine whether two
populations or data sets are significantly different for small quantities
of data. Consequently, it was decided to combine the data from the "desig-
nated" and "nondesignated" areas for each supplier. The reduced ratios
from these analyses are presented in Table 40. The reduced ratios from
Supplier C data were slightly higher than those from Supplier D data with
teeet oBUS BYSTthe exception of and T-Y' e/D - 1.5. The reduced ratios for the two

BUS
suppliers' data agreed fairly well, except for T, e/D = 1.5. Since most

of the mechanical property reduced ratios for the two suppliers exhibited
reasonably good agreement, it was decided to combine all of the data and
reanalyze. The results of these analyses are shown in Tables 41 and 42.
A summary of the reduced ratios for A201-T7 castings is shown in Table 43.

Design values for compression, shear, and bearing properties for
A201-T7castings are not available in MIL-HDBK-5. However, these properties
are available for A201-T6 castings as established via Item 70-1 and approved
at the 39th MIL-HDBK-5 Meeting. The specification tensile properties for the
two tempers are identical; therefore, the reduced ratios for the two tempers
"would be expected to be similar. Consequently, the reduced ratios determined
"in this analysis for A201-T7 castings are compared to those used to compute
compression, shear, and bearing allowables for A201-T6 castings in MIL-HDBK-5
Table 3.8.1.0(b) in Table 43. The reduced ratios for the two tempers ex-
hibited reasonably good agreement. These reduced ratios for A201-T7 castings
are considered suitable for use in computing compression, shear, and bearing
"design values for incorporation in MIL-HDBK-5.

3a-
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TABLE1. TENSILE STRENGTH OF A357-T6 CASTING FROM
SUPPLIER A, 0.500 INCH THICK DESIGNATED AREA

b.

r.TYS . TJS, . ELOD46,, IED,"

NO,. O.F DTA ....- . .58........56 0
AVERAGE 46.34 54e99 079* 0,00*
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TABLE 2. TENSILE STRENGTH OF A357-T6 CASTING FROM
S~UPPLIERg 0~ .7504#MG44THICK NON-DESIGNATEDAftE-A-

r~D -TiSs EL3NGo# RES
'(SI Ks!

K..~Os. OF 04TA-. .. 3B5 -1...8 __ 30 .. 0
AVEQAGE 415o6). 54.39 OO2e COCO*
STD* ')EV. o 1.171 -- 031 .116* 0.0030

TALLY 9f MOWILES U~40EA THC" N'UMAL CURVi

4 . .3 . 3 0
56 2 0

- :7 4 14 C
3-. 2 0 0

A 7 0
6 .4 0 0
3 3 4 0

3 40

C'41 S0UAVED 12,00 6.21 42953 SQ99*99
NI)R MAL YEs YES 1N

14IL-HDaK-5 A * 9 VALUES

A IASIS 4?4d0 51040 00.00 0.00
9. ASIS 43.55 526.95 1.00 0.600
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____ ____ _--- -.-- - L.-

_ _ _ _ _ _ _ - - _ _ _ _ T h B 3 .. t E . S . L. E S T R E N G T H O F A 3 5 7 - T 6 C A S T I N G _"_-

FROM SUPPLIER B, 0.500 INCH TIH'CK_ '
DESIGNATED AREA

TYS, TUSs ELONG.p RED.p

NO& OF CATA 50 5,, 50 0 _-"

AVERAGE 45029 53.37 v724 0.000
$To. DEV. 1.342 .992 .137* 00000.

* L')G SASE 10)

___,____TALLY BY DECILES UNIER THE NORMAL CURVE - ____

5 5 6 0 _.,

2 5 0 0
6 5 11 0
6 3 0 0

_ __ _6 9 0
45 0 0

__ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ _ 11 0 _ _ _ _ _

4 10 0 0
__ 4 5 0
4 5 S 0

CHI SOUARED 4.!0 7.20 39.60 9999.99
NORMAL YES YES NO NO

MIL-HDBO-5 A + B VALUES

A BASIS 41:45 50:53 0.00 0.000
6 RA5IS 43,00 91673 3.00 0.000

5.3
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"TABLE 4. TENSILE STRENGTH OF A357-TS CASTING "__
FROM SUPPLIER B, 0.750 INCH THICK
NON-DES IGNATED AREA

- TYSi, T'JSv ELONGe t EO, 0 0.0
KSI kS! I x

NO F DPATA ____ 32 32 32 0 _ __"

AVERAGE 43*69 50.48 052* 0.00*
ST_0 DEV. 1,292 1.794 .141' O,00000"

Is LOG BASE 10) 1
TALLY BY DEILES Uq4OER THE NORMAL CJRVE

"- __5 3 4 0 _'"_

2 2 0 0
2 4 0 0
•1 12 0
2 2 0 0 '.'.
4 3 0 0

___ _ _6 a 0 0
3 2 13 0
6 6 0 0
1 1 3 0

CMI SQUAREO 10.50 14.25 73.62 Q99,9"9
NORMAL YES NO NO NO _"._-

MIL- 3D3K-5 A + 6 VALUES

A BASIS 39.73 0.00 0.00 0.00
_ BASIS 41.40 44.80* 1.00 0.000

*Nonparametric determination

354 -.
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TABLE 8. TENSILE STRENGTH OF A357-T6 CASTINGS
FROM SUPPLIERS A AND B,;0.50 NF
THICK DESIGNATED AREA

KSI Kst x

mn, DE GATA '06, 106 ie 0
AVERAGE 45065 54.,23 .T6* 0e00*5TO. S n; •- h 4,9 1_;49 .14 0' n_ n0kn-_ i

h.:

I* i nrt nASE 10 1

S -TAtLlY St 0 CIE.S UNDLE THE N3M~3AI ~LJRU0

7 i

_ __ !0 a
7 9 12 0

12 16
11 12 26 0

7 11
11 9 17 0

12 10 4 0

CHI4 SQUARED 6.91 7602 75413 9999099
NflIKAI yl~s yrEs No -- w

NIL-HDSK-5 A * 6 VALUES

A BASIS 42.oT 50.60 0.00 0.00

RB BASIS - 43*70 52.17T 300 0.00

357
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TABLE 9. ULTIMATE STRENGTH RATIOS FOR A357-T6 CASTING
SUPPLIER A, 0.500 INCH DESIGNATED AREA

____K Kq I RATIO
_____ _Y-/D 1- e/D= 2.0

Tus SL L. usL,
TUTS TUS

* 2237/3-13 MELT 1 Hove I REFel 55.3 .613 0.000 Z.119

2237/3-14 ME LT_ I, _H TL...REf. )- . .... •,_ 738 0,000 _. .•PQ1

2244/2-11 MELT 2 N.Y. I REF~ll 14.4 964.3 0.000 1.976
224.4/2-18 MELT 2 N.Y. I. REF411 ')4o6 0.000 10753 0.000
2250/4-Z1 MELT 3 N.T, 1 REFIl) 54.8 .645 0.000 2.238

225014-22 MELT 3 H.TY I REF(l) 53,h 0.000 1.772 0.000

225614-29 MELT 5 HT. 2 REF(Il 5862 .616 0.000 2.132
2 25 6/.i-_30_•PELT. •.- -.. R E.f ll.- -9 -4 ..0 9 000 __ _ j70Q9 ....... . L-

2258/4-34 MELT 4 HosT 2 REFIl) 114,9 .b37 00000 2,142

"2258/4-35 MELT 4 NT, 2 REF(l) 52,6 0.000 1.745 0.0000
t4NUMBER q 5 5 5
AV0 q 631 1,743 24122
Sum R 3o154 8.717 10.608
____________ 3 9 91-99- .... 201 .22_, , 3 9
SDFV Q ,0153 .0231 .0939

"SDEV PSAR 40068 .0103 .0420
REOs. ATIO .616 1.721 2o.32

TABLE 10. ULTIMATE STRENGTH RATIOS FOR A357-T6 CASTING

"NON-DESIGNATED AREA SUPPLIER A

-KSI -RATIUO
e/D - 1.5 e/D- 2.0

TUS sUS Bus.___
Srus TUS lus

"F223713-13 MELT 1 H*T,1 REFI1) 53,4 ,618 0,000 Z6222
i 23•713-3..ELT.,.L t.TLPEFL1L ... •. J• .. .0,00.0. __|b.72 ... Q..000 .....

F2244/Z-17 MELT 2 N.T.1 REFI1) 55.0 .615 0.000 2.091
F224412-1? MELT 2 HT,1 REF()1 5296 0,000 1,721 0.000
F225014-?1 MELT 3 H.T.1 REel 1) 56.0 ,623 0.000 2.OP4

S PF225014-21 MELT 3 H.T.1 REF41) 55.2 0.000 2,717 0,000

F225614-29 MELT 5 H.T.Z REF11) 94.8 .630 C.000 2.21E6
* FZ•25 I/'mZ9. MILTA..P4T.L.KEFI1). ..i 54.*1 ...... 0.PD .... A..,641 _. •,D•

F2258/4-34 MELT 4 H.T.2 REFI 1l 44.4 .642 0,000 2.153
F2254/4-34 MELT 4 HsoZ REeP1) 54,5 0.000 16727 0.000

,NUqER R 5 5 5
AVG R .625 1,696 Z.127
SUM i 3,127 4.47B 10s635

_._-U SU s•. A_ -1 95 ___•, 3.7-9• .. ,2.9
SOPV it .0107 ,0373 .0428
SoDV RqAR .0048 .0167 ,0192
RED* AYTIO s615 1.660 2.086

358
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TABLE 11. YIELD STRENGTH RArIOS FOR A357-46 CASTING
SUPPLIER A. 0.500 INLH DESIGNATED AREA

TYS 1Y .5 B/D= 2.0 '

223713-13 MELT I HT, I REFIll 47.1 1.011 0.000 14769
- _- Z.23 71.1-.14 ... E LT .1J-_ .T.lI -_ RE .11. ._ _41i,7 O4 _0__ ts.S._- 0.... ._

2244/2-17 IMELT 2 Ho? 2 REFIll 47.0 10019 0.000 1007?
224412-18 PELT 2 4aT? 1 REFIll 4705 0,000 1.598 0.000
225014-21 MELT 3 HT. I REFIll 411,o4 1.021 0,000 1773 .
2250/4-22 MELT 31 HTo I REFM) 47.7 0.000 1,589 0.000
2256/4-29 MELT 5 H.T. 2 REFIll 4'r,0 1.013 0,000 10902

2 2.. J 5 61.i-lO..P E.LT.3.J4a T,%.. Z. 9 EF I.IJ . _.jl- - - ff 000-_- .-.1 ,6$k.- _ 9 ,G) it 0

225•/4-34 MELT 4 HT. 2 REF(l) 4881 1.040 0.000 1.867
2255/4-35 MELT * HT. 2 REFIll 47.1 0.000 1,586 0,000

NUMBER 4t 5 5 5
"AV% R 1.021 12591 1.037
"SUMq So 5103 7.956 9,183

- 4 ItJ320_._2. ._'z, • . ,4
SDFV 0 s0114 oC30e ,0616
SDFV RRAR .0051 9oi:j o0276
RED. RATIO 1.010 1,562 1,778

TABLE 12. YIELD STRENGTH RATIOS FOR A357-T6 CASTING
NON-DESIGNATED AREA, SUPPLIER A

__ _ _KSI RATIO
ee ".'115 e/D Z.O-

TYS CYS ayi Y4s
"TYS TY, TYS

3713-13 MELT 1 t4oTo1 REW() 45.5 1.015 0.0o)C 0.0000
44/2-17 M•LT 2 4,T,1 REFIF1 46.8 1.000 0.000 uO00

.042 MEL' I~t *.C9 ".0,07 3-. o
56/4-29 M.ELT 5 4,TZ REFIll 44,5 1,045 0,000 3.000
58/4-34 MELT 4 HTZ RE F 1 46.6 1.043 0,000 0,000
3713-13 MELT 1 HTII. REFIll 45,5 0,000 10584 0,000
44•2-17 MELT 2 N oT@1 REFIll "44.6 wo000 19623 0,000
"50/4-21 MELT 31 4,T.l REFIll 47.2 0.000 1.604 34000
.. 61/4-29 MELT 5 H.T.2 REF1- ) 45,1 00000 1,594 0.000
"'814-34 MELT 4 H.T@2 REFI 1 46.1 0.000 1,616 0,300

' 37/3-13 nELT I HT.1 REFIll 44.6 0.000 0*000 10852
4412-17 MELT 2 mTol REFill '453 00000 00000 1.971
'50/4-21 MELT 3 HeT.1 REF41l 46.8 0.000 0.000 17d61
'56/4-29 MELT 5 HT. REFWll '448 06000 0.003 2o051
:'5414'-34 -ELf 4 T."-CFI1i j' -4, O,--o'O- .b-Og f.967

NU14BER R 5 5 5
AVG K 1(028 14605 1 a'41
SUM A 5,142 8,026 4,703
SU4SO A 5o290 2,.89' 15,85b
SDEV R .0198 ,0144 083b
S DEV it " R -0089 0064 ,03"75
RED. RATIO 1010 1,592 1,861

359



18

TAEiLE13.U-LTINATE-STRtENGTH RATIOS POR A3•?--T6 CASTIG;DeShI;ArEo

AREA SUPPLIER I

K$S[ RATIO
e7D - 1.5 e/D 2.0

___ TUS su.s Bus Bus
TUS TUS TUS

A66 SUPPLIER S REF (4) 51,7 -,Z

AS ? SUPPLIER B REF (4) 53.? .631M 0 D000 Z.03
. -A 9 1-.PLIER - REF (4) 52.9 .647 0,000 2.2"3

A95 SUPPLIER S REF (4) 53o7 .642 0.000 2.216
A99 SUPPLIEI*- REi (4 5) X6 633 0-0---- - 34
S8O5 SUPPLIER S REF (4) 5ze? 0.000 1.753 0,000
590 SUPPLXER j ! RjEF(43 152'OY" .006 -1.?*5 -- -0.-000
B92 SUPPLIER B REF (41 5493 0.000 1.720 0.000

S94 7SU-PPLIE-R S REF- (4) 54e4 0b000' 1,6S4 0,000
989 - SUPPLIER S RE, (43 54.1 0.000 1.75 0,000

NUMBER S - 5 ..
AVG ft .641 1,715 Z0210
SUN R 3o205 e,57? 11.051
SUmSO R 20055 14.71? 24.432
SDEV R .5087 .0353 s0484
SDEV R*AR .0039 .015 . ?0217
RED. RATIO 3 . .. 6SZ .1 6•4-

TABLE 14.ULTIrNATE STRENGTH RATIOS FOR £35-Tb CASTING NONkDESI
AREA SUPPLIER 6 --- --- ------ -

KSI RATIO __

- S 1.5 e/eu. 2.5S. .. . T SSUS Bus u

TUS TUS TUS

F66 SUPPLIER 6 REF (4) 51.3 ,643 0.000 26,61
F67 SUPPLIER 8 REF (4) 51.1 .673 0.000 2.305
FOf SUPPL[ER S REF (4) 52.1 .656 0.00 2.Z44- 16-
F95 SUPPLIER 5 REF (4) 52.9 .645 0.000 26Zl0
fS9 SUPPLIER 5 REF (4) 5101 .652 0.000 2.217
F86 SUPPLIER b REF (4) 51.2 0.000 1.775 0.000
F87 SUPPLIERS5 . EF (4) 52.5 0.000: .... 1.764 0.000
F91 SUPPLIER B REF (4) 49.1 0.000 1.847 0.000
F095 •--PPLIER S REF (4) 51.0 0.000 1.iIz 0.000
F99 SUPPLIEP S REF C4) 48.9 0000 . 1.4696 0,000

NUMBER R 5 5 5
AVG f o .654 16822 2,251
SUN R 3.269 9.112 11.257
SU'So R 2,135 16.616 25s350 __

SDEV ft .0121 .0540 .0410
$OEV ROAR .0054 . .0242 .0183
REDo RATIO 9642 10T?7 2.212

360
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TABLE 15 .VfiELD STRENGHRTOSFR£5-T ATN OSGA
: AREA SUPPLIER 9 ..-- ---............. __._

KSI RATIO
"Vu- 1 . / -2.0 .

ITS CYS BYS SyS
TY5 TYS TYS

6A86 SUPPLISEk- REF (4): 1.o 0.000 ,.-.
A87 SUPPLIER 9 REF (4) 46.7 0972 0.000 1:850
..... I-- U Q +fEF 14) 46.6 .9g9 0.000 1.918
A95 SUPPLIER I REP (4) 46o? 10009 0.000 1,893
A99 SUPPLIER 5 REF (4) 44.3 .995 0.0003--- 1,W1
g85 SUPPLIER 5 REF (4) 46.8 0.0000 1.581 0.000
B90 SUPPLIER S REF (4) 45.4 .0o00 1.593 0.000 "
B . 92 SUPPLIER B REF (41 48.0 0.000 1.631 0.000
B .94 SUPPLIER B REF (4) 45.2 0.000 1.615 0.000
09.8. SUPPLIER;S REF (4) 44.6 0.000 1.549 0.000

m,' . . . . . .NUN SER- if.. . . .5 S . . ... - ....
_____AVG R .996 t.594 1'.673

SUn R 4.979 70969 9.364
SUMSO R 4.956 12.705 1".540
"3DEV R e0163 v031f .0314

. - SOEV ROAR o0073 e.0142 .0140
RED. RATIO .980 1.564 1-843

S ..... ABE16.YIELSTRENGTH4 ATIOSi ORdA35-T6 CASTING NON-DESIGN-TED
- AREA--SUPPLI •EA ........ ............... . .. .. .. .. -.... . . ......- .

KSI RATIO

TYS CYS SYS SYS
TYS TYS TYS " "

F86 SUPPLIEk 8 REF P4) 43.9 1.057 1.696 00000
r87 SUPPLIER 5 REP (4) 45*4 1.004 1,941 0.000 ,

F91 SUPPLIER B REF (4) 43*.1 1.065 1.56 0.000
F95 SUPPLIER . .... REEF () 45.2 1.022 . 1.611 00000
F99 SUPPLIER a REF (4) 43.0 1.026 10651 0000
F66 SUPPLIER S REF*( 1-4.3o9 0o00-0 00000 1.952
FO? SUPPLIER " REF (4) 44. 9 0.000 0,000 1,961
F91 SUPPLIER 8 REF 14) 44o4 090C.0 0.000 1,964 . .
"F95 SUPPLIER B REF (4) 45.2 0,000 0000 1.907

• F99 SUPPLIER S REF (4) 42.7 0.000 0.000 1.965
NU'SER R 5 5 .
AVG it 1,035 1o693 1 O950
SU - . 5,174 8.463 9,750
SU"So R 5*357 14.411 19.016
S ,EV"-k .OZ 053 ,1457 .0245

- SOEV RBAR .0113 .0652 ,0110
RED. RATIO 10011 1.554 1.927

361
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TABLE 17. COMPARISON OF AVERAGE RATIOS FOR A357-T6 CASTINGS

.Supp ier A Sup plier B
"Property Edge Designated Non-Designated Designated Non-Designated

Ratio Distance Area Area Area Area
0.500 inch 0.750 inch 0.500 inch 0.750 inch

.CYS/TYS 1.021 1.028 0.996 1.035

"SUS/TUS 0.631 0.625 0.641 0.654

BUS/TUS 1.5 1.743 1.696 1.715 1.822

BYS/TYS 1.5 1.591 1.605 1.594 1.693

BUS/TUS 2.0 2.122 2.127 2.210 2.251

BYS/TYS 2.0 1.837 1.941 1.873 1.950

TABLE 18. REDUCED RATIOS FOR A357-6
FOR SUPPLIERS A AND B

Property Edge
Ratio Distance Supplier A Supplier B

CYS/TYS 1.015 0.999
SUS/TUS 0.621 0.640

"BUS/TUS 1.5 1.697 1.728

BYS/TYS 1.5 1.584 1.578

BUS/TUS 2.0 2.084 2.203

BYS/TYS 2.0 1.837 1.883

362
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YABLE 19.tLTIMATE STRENG1H RATIOS FOR A35?-T6 CASTING

elD - 1.5 e/D -2.0

SUPPLIER ATUTS S -

nPS!CHATED ARERA
Z237/3-13 "ELY 1 HaY. 1 REF41) 55.3 .613 0.0000 211
223711-14 WRL I H.TJ aPRill q4.2 0.0a00 -L?1.71 00
224*12-17 PELT 2 N.Y. 1 REP(1) '4.4 .643 0.000 1.976
274412-18 MLT 2 Not, I REF lL _ 94.f 6,60180 1 __.Ivs2 - A0O01
2250/4-21 MELT 3 N.Y. I REF41) %.6 645 0.000 2.238

225814-34 MELT 4 H.Y. 2 REMt) 54.8 o637 0.000 2.142
224R4-AS "FLY 4 WT. ?LJLE:111 1]. 11 A .000.45 ,0

NON-DESIGNATED ARE&

F223713-13 MELT I )4.Tol REF( 53.06 0.000 10672 0.0000
.F 2Z 2..t 2-1 -E 1~ L2. -UL.JAI-fLEAL L ..611 0.000 2.091
F224412-17 PELT 2 HoT.1 REFt 1 1206 0.000 1.721 0.C00o

--f22501 4-21 l!JELU3Ha "REH 1 4L __3o 0z0 2o.0, I__
F2250/4-21 P E LT 3 HaT.1 REF4 ) 51142 0.000 10717 0.000
E229&14-29 M;LT 5 .T.2 RPF(f 91.9 .630 0,000 2A166
FZ256/4-29 MELT 5 H.T.2 REPI ) 54.1 0.000 1.641 0.000
F25814A-14 MN 1 4 -H.T..Zi JF~ . S..4.4. .642 -as. 0 Ok -P- 53

F2256/4-34 MELT 4 H*T.2 REFC 1 54.0 0.000 1.727 0.000

DESIGNATED AREAKAR& SUIPPLIERf a REF (A) 51.7 Ws5 0.000 2.265
A@7 SUPPLIER 8 REF 14) 53.7 .631 0.000 2.203
A I s U P-plILiLI OFF 141 92.9 .647 0.00.0. 2,213
A95 SUPPLIER 8 REF (4) 53.7 .642 0.000 22216
A 99-- S.PLIFO at 9EF IA) 53.7 .633 0,000 Za134-
865 SUPPLIER 8 REF (4) 92&7 0.000 1.753 0.000

S90 -tPP-L!PR -A RPP ti) 5215 0,000 1,745 0,000
892 SUPPLIER 8 REF (4) 54.3 0.000 10720 0.000
894 SUPPIIE.! Rt RFE 4 14)....IA.
898 SUPPLIER S REF 64) 5J4.1 0.60CO 1*675 0coO

_____ N0I-MI"1GATIC AtEA....___
F86 SUPPLIES ft REF (4) 51.1 .643 0.000 2.281

.fL..... IPPI TER .5--EF f-41 91&1 m&73 0.000 2.205
F91 SUPPLIER 8 REF (4) 52.1 .656 0.000 2.244

F5 suppITrgRI R.Eftl i...269 .6i.L .000 2,210
F99 SUPPLIER S REF C4) 91.1 .652 0.000 2*217
-FA6 SUPPLICE gt R F 414 S1.2 0A-00 1.Z77!-0

F87 SUPPLIER 8 REF M4 52.53 0.000 1.764 0.000
F91 SUPPLIER ft REE AA4) _J9.1 I.0 a 1840 0.000L
F95 SUPPLIER S REF (4) 41.0 0.000 1.829 0.0000
F99 SUMTIP ERS B ~ 1E4() &fl4Q 046000f ItagA ~n

NU5E R20 20 20
AVG It .&An 1,744 2.11L...
SUR q 12*155 34.063 43.550

SOEV A .0156 * 0611 .0794
sOP V RRAI flL 3... lit.
RED. RATIO 9632 1.721 2.141
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TAILE20.VIELD STRENGTH NATI'J3 FOR A311-T6 CASTING

e/D 1.5 e/0 2.0
Tyl CY2 syl ITS

TVs TVs TVs

SUPPLIER A
DESIGMAXED AREA

223713-13 PELT 1 HoTe I REM) 4701 10011 00000 16769

222712-14 MELT I H.T. I REFIll 48a? -01hapa
2244/2-17 MELT Z HaTo I REF41) 4710 10019 C4000 16872
W412-IR PELT 2 Hal. I-REFC11 47.9 0,000 1.598 -2AAQA-
2290/4-21 PELT I 14*T* I REFtl) 4664 10021 09000 10773
225014-22 %FLY I H.T. 1 IFEC11 4 7,.Z il.680 lasag JLAQA--
Z25614-29 RELY 9 NoTe 2 REFIll 47*0 1*013 09000 1*90Z
22561t-ld MELT I W- I-AEFtll 45.4 ona 1,6144 -0,000
2290/4-34 MELT 4 NoTe z REF11) 4901 20040 00000 1086?
22SA14-14 MFIT 4 H.T. 2 IfFfli 47.1 a 00 1.386 QýQad

NCN-DESIGNA7FD AREA
F221711-1-4 NFIT I H.T.1 RFFf 1-- 49.9 1ý 0,000 0,01DO lmjý
F224412-17 RELY 2 HoT*l REFS 4609 loo 0.000 01000

ZZIQLAL-! 2 1 " f L T 3 H.T.1 RFEJ 1 4 el a 2 11039 -DAOOO oficoo

F225614-ZQ MELT 5 4,Tol REFt 44* 1 1*049 01000 00000
F22 5814-li-ILE" A H.T.z RFFI 1 4&ah IA041 0,000 (1,000
F223713-11 PELT I H.Tol REFS I - 4519 04000 10569 00000
E224412-17 ";LT 2 H.Týl It EF 1 1 44.6 .000 1,621 0,000
F223014-21 PELT 3 NoTel NEFI 1 4702 00000 10604 000co
F22SA/4-29 PELT S A-T-2 KFFC 1 4501 0,nnn -11%94 0,000
F2258/4-34 MELT 4 H.TeZ REFt 1 46*1 0,000 1,616 00000
EZ-21711-11 PEIT I WT-1 SEEK 1 44ýpk 0,000 1,652
F2244/2-1? PELT Z HaTel REFf 1 4593 00000 C6000 19971
F225014-21 M F L T I KET q 1--. 46.8 Q-900 0,000 16861
F2256/4-29 PELT I HTo2 REFf ) 44@8 60000 00000 20051

- -Fl23ALA---3A- OFIX 4 HTl IFF9 1 46-0 A - 000 nna -967
SUPPLIER I

DF&IGNATED AREA

A 66 SUrPLIER 9 REF C41 41*7 1*013 00000 10891
IR7 SUPPtIER 8 RFF t4l 4A.7 .(122 0,006 1,890
A91 1UPPLIER 9 RIF 14) 46ob 0989 0*000 10918
igs -- SjLp-p-LjfjL-.9L- a 1; r. 041 !AA-Z I -Otte - QLua 1,891- ?04

A99 SUPPLIER 6 REF (4) 4443 0995 00000 16051

090 SUPPLIER 5 RIF C4) 45*4 00000 1*593 06000
gap C.11PP.1 jr-.1 11 RFE. 141 48.0 6.ot5o 1,631 0,000
894 SUPPLIER 6 REF C41 4902 00000 10613 00000
Aga Supp-Lift A 46.8 6,000 1,949 dooL

NON-DESIGNATED AREA
SUEPL-rr-a _R --- P-Ef--tA 1-- 43.9 1,097 11.696 0,000

FG? SUPPLIER 0 REF (4) 45*4 16004 10949 00000
F 9,1 -- Stlppt T.Fa a IFF fit 41.1 l.tifis 1. SIM 5,800 %!
F95 SUPPLIER 6 REF V4) 4502 11022 10611 04000
Ego SU221-ts-LAL- F 0-61 41,n -lojD2A-- - 1 4-h3l
F86 SUPPLIER 6 RIF 441 43*9 00000 00000 10992
SAT ZEE -14 .4 4 a 9 oaaaa 0.060 IA9&2
F91 SUPPLIER 0 REF 1`41 44*#* 00000 00000 1064
FQ9 nuppLTF* a REF ttl 49.2 0,090 0,000 A-A-ý
F99 SUPPLIER 8 REF C41 4tib? 00000 06000 le965

Nu big q 20 20- -- 20
AVG I loozo 10621 16900
%tin I 70-lak - 12,41% IR-Ana

SU416 w 20.013 920664 ?2*Z94

SoFV a 60231 00021 00704

A-mz - 1JA

RM RATIO 11011 16589

364
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TABLE 21. REDUCED RATIOS FOR A357-T6X CASTING

Mechanical A357-T6 A357-T61
Property Edge Suppliers A & B Boeing Existing

Ratio Distance CAST MIL-HDBK-5

CYS/TYS 1.011 1.045 1.0

SUS/TUS 0.632 0.720 0.7

BUS/TUS 1.5 1.721 1.627 1.4

BYS/TYS 1.5 1.589 1.538 1.6

BUS/TUS 2.0 2.147 2.020 1.8

BYS/TYS 2.0 1.873 1.959 1.8

-A-

3.6

S. - *--~. *"-.i* -....
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TA13 L E 22. DESIGN MECHANICAL AND PHYSICAL PROPERTIES OF A357.0

ALUMINUM ALLOY CASTING

* Specification --- ***~---*Northrop

* Form *.****-.*--.**Casting

Condition......................-****-* T6

Thickness, in........................ 0 0
Location ................................ ~ Qpint~ ri Nn-~~nt~_r

BasiA B s

Mechanical properties:
Ftpksi ............................... 50 51 45

Fty, k si ............................... 40 43 36

FCy, kst .............................. 40 43 36

Fsu, ksi .... ..... 31 32 28
Fb I .b ksi:
(CID = .5 ..... 86 88 77

*(CID =2.0 107 109 96
'b ksi:

(CID 5).... 63 68 57
(CID 2. 0).................... 75 80 67

e, per cent.......................... 3...3 2

3.

10 i 3 ksi 0339

0.33.

Physical properties:
W, lb/in.3 .............................. 0.097
C, Btu/(lb)(F) ................. 0.23 (at 212 F)
If, Btu/[ (hr)(ft 2 )(F)/ft1 . ... 88 (at 77 F)
CxP io-6 in. /in. /F 12.0 (68 to 212 F)

aSpecification value. The A-value is higher than specification values as
follows: F =41.ty
B~earing values are "dry pin" values per Section 1.4.7.1.

366
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TAir 23. TENSIE ST F201-"7 CASTING FROM

SUPPLIER C, 0.500 INCH THICK, DESIGNATED AREA

TYSP TUS. ELOG;,e RED&&
KSI KS! .

NO, OF DATA 51 51 51 0
AVERAGE 50.00 60099 ,75* 0000*
STD. DEV. 3.085 1,797 ,164* 0.000.

(e a LOC BASE 10)

TALLY lY DEC ILES UIOER THE NORIAL CURVE

4 5 9 0
10 9 2 0

____5 .*0 0 _ _ _ _ _ _ _ _ _

6 11 13 0
I2 0 0
0 0 160
4 3. 0 0

03 9 9 0

CHI SQUARED 15.47 29.59 51.12 9999,V9
NORMAL gO NO No NO

MIL-HOOK-5 A 4 B VALUES

A BASIS 0.00 0.00 0.00 0.00
a BASIS* 53*70 59.90 2000 0.00

*Nonparametric determination.

3.6

- 367

N,

S~. . .* . .- M r ... - - "~ *..fl

367 :"
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TABLE 24. TENSILE STRENGTH OF A201-77 CASTING FROM
- .. --- SIPPLIEJR C. .0. 750INCH- TiLICK.-NON-DESIGNATED.AREA. .--

- ~TYSP _TS ELONG., RED.,
KSZ KS I

- 0OF0TA32 .-- 32 .- 32 -0
- N. FkDAGE- 55.26 60e4S -. 65* 06000

STD. OEV. 2.357 Z.?53 .119* 060004 0

1**LOG BASE 101

TALLY SY OE:ILES UNDER THE NORPAL CLIRV:.

5 _ __ _6 _ 0

3 1 00
1. 3 0 0

3 0
2.3- 0 -

7 6 0 0
- 4 4 9 C

4 2 0 0
43 2 0

CHI SQUARED - 17 .2 4.2 9949.99
14ORMAL YES YEVS_ NO NO

PIL--4D8I(-5 A + 5 ALUE

A 8AtIS -- 8.04 52.01 0.00 0.000
a BASIS -51.07 55.55 3.00 0.00........0

368
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TABLE 25. TENSILE STRENGTH OF A201-T7 CASTING FROM SUPPLIER D-
_ _ . 0.500 INCH THICK LDS.IGNATED AREA

. TJS*-._ ELREG, L _. __D___

'KSI l(SI x

| _o,,OL_ DoA 5•____ 5L z z o_. - -_._

AVERAGE 60,Z3 65.77 .75* 0.00*
.STD.. OEV&.____ L54 iL160 O0 ...

' (* a LtA RAIF 106

I ALL_.- __DE CILESUNDiEL IHEhOR.AL. CURVE..
_ _.. . . ... . . .... ._ 3 i_ .. .0. o .. ... .. ..... . ..-

6 7 7 0

4 4 4 0

6 4 4 0
-. .. . . ' 0 ...... -

3 3 6 0_ _-_._ _ _ _7 ,-o -

" . 3 0

C41 SoUARED 7.23 6,08 7.62 9999.99 -.

...- AL .. YE..S-.- IE .ES YES.-...--- 4NO

4IL-NHDK-5 A + B VALUES -,

*A OASIS ~ 5579 61*33 2.09 0.00
* . BAIS__576 . 63 .~0400..

369
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TAVLL 26. ItNSPLL SIR(LNGIR~ U1 AZU1-TI CASTING~ FROMI UPPLIER D,
_______________.750 max INCH THICK,_NON-DESIGNATED AREA

KSI KS! x

aND.uflf.kDTA ______33- -33 J .O 3.
* AVE04GE 61.23 65.44 .52* 06004

* (* uLOS SASE 10)-

-TALLLJ3YD.EClLE-1-URDER- THE- NOJRMAL LJqE-

2 2 6 0
3 3
2 3 7 0
z __ 3 1 ~ 0. -

2 5 4 0

5 1 3 0

3 3 5 0

CH4I-SQUARED 10.33 5.48 12.76 ~9999.99
- NOPAL Y U. 1 ~ YS- YES NO ~-

'1.

MIL--IDSK-5 A # 8 VALUES .Z

A B8ASIS 57.07 60.99 0?? Coco0
' -B BASIS. . - 59&82-- 6 1.2...-. 000 ..0600-

370
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TABLE 29. TENSILE STRENGTH OF A201-T7 CASTINGS FROM SUPPLIERS C
AND rl. 0.500 INCH THICK. DESIGNATED AREA

.TYSTj, 'LONGo .. IL,_
KSI KS!

N9. OF DATA 103 103 103 0
AVERAGE 59*13 64.89 ,75* 0.00*
STO, DEVI, 2.671 2.416 0000 __OO____,"

-a -LOG B4E 10)

STALLY If DECr!LlE UNgER THE N...Ij .Oq.ALltvl... "_

9 9 9 0

26 1.7 c

10 8 20 0
::-•___. _ _LNlb 0N-.._-

16 13 11. 0
9 161

10 8 7 0

C'41 SQUARED 20-P40 11.00 27.39 9999099

MIL-MDaK-5 A + 6 VALUES _
I,

.ASIS 0,00 58.40 0.00 0.000
BA'Is 5 o10 6 .1 2A.O_ 3.Qo 9.

*Nonparametric determination.

37
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"TABLE 31. ULTIMATE STRENGTH RATIOS FOR A201-T7
CASTING, DESIGNATED AREA, SUPPLIER C

KSI RAT 1O
e/D- 1.5 e/D 2.0

TUS sus eus BuS

* AiD. -SUPPLIER C 2)EF (2) 66.8 .g. .oi.b
7AI? SUPPLIER C ..EF (2) 68.5 .aE1 0.2tc 2,038

A110 SUPPLIER C &,F(•2 69.0 .597 b,.Ca0,
S £113 SUPPLIEF C KEF (2) 65.6 ,6.1 0.aCC 0Ga 2.376

e102 SUPPLIER C REF (2) 67.2 3.ccO- 1.417 C. L L
8105 SUPPLIER C KEF (21 65.9 .... DO o 1,498 0,c C a
8108 SUPP,.IER C F.EF ( 2) 65.,4 0.000 1.543 D0oot
8'll SUPPLItR C REF (2) 67o3 09000 1.479 0,Cac
-1114 SUPPLIER C kEF V(-) 65.5 0c00,o 1,582 a 0,L.cSZ

NUMBER R 4 5 4
AVG R b6i3 1o504 ZC23
s- SUM R 2,9410 7.518 84091
SUMSO R 1.452 11*32C 16,371
,0EV R .0061 ,0629 ,0431,
S.EV R81,P .0031 a.0 2 .b I,.7.
RED. RATO @595 1.444 i,972

TABLE 32. ULTIMATE STRENGTH RATIOS FOR A201-T7 CASTING,
NON-DESIGNATED AREA, SUPPLIER C

.'_ __ KS - RLTIC __ "

e/D= .5 e/D=2.0
TUS SUS aus ouS

fsTUS Tus

Vi"l SUPPLIER C REF (2) s5 ? 6686 eCC4 24,1e
-" FlO IS UPPLIE-R C 6EF (2) 58.3 *678 •.,CC 2,17_

F107 SUPPLIER C RE F-7) 56.2 ,66b4 0,C0L Z,3106
F F110 SUPPLIER C rAEF (2) 56.8 W6, LsCO &E- 20?L

1F13 SUPPLIER C REF (2) 6a,7 a62' & G,&v 2,14.C
.Fol SUPPLIER C iLF (2) 6b2e9 40,OD 1,6t 1v 9000
""F104 SUPPLIER. C REF (2) 63o9 0e0CC 1C6?9 aoC 0 c1

" "F107 SUPPLIER C RLF 42) 64o8 is Co 1,6b77 a a _,"t

Fl0 SUPPLIER C RFF (Y2) 65.6 ,0a[ 1,639 36001
F1. F113 SUPPLIER C RLF 42) 66.6 0 O 1,611 , 0'"

NUMBER R 5 5
". .. AVG R ,669 1,659 2.221 C

"SUM R 3.345 " .293 16,sgg ;
SU POE R 224L1 ,13,760 21,,2.5 .
SDEV R .0272 ,0325 .071E
SOEV Ri31R 10122 .01.5 ,L317
RED. KATIO o643 1.628 2,13Z

374
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TABLE 33. YIELD STRENGTH RATIOS FOR A201-T7 CASTING, NON-
DESIGNATED AREA, SUPPLIER C

KSI RATIOKeD RwT-.- 0 '--

TYS CYS BYS __.

I'i TVs TYE

A104 ZUPP&.IER C kEF (21 62,7 1,3141 3' aa 1.717
A107 SUPPLIER C REF 421 62.6 1,035 V.~cO I a "S
A110 SUPPLIER C REF (2) 63.1 1.038 *,G00 1*645._-ill 3 SUPPLIER C RE F (2) 62,0 10023 .c... 1,715

B1OZ SUPPLIER C REF (2) 62o6 0,a a 1,#.36 :00L:
BIDS SUPPLIER C FLF (21 6W.6 2000 11,54, eCC 0C&"
8 10 a SUPPLIER C .. F ( 2) 6264 3-000 14.', 9.0 "*."
8101 SUPPLIER C FEF (2) 62.4 Do.0:0 1,o.2C 0,oC C.'
0104, SUPPLIER C REF (2) 61.1 a,0 0; a 1•19 jec.o

NUMBER 4 5. 5
AVG R -. ,034 1 - ,1.,.35 1*694
SUM R 4,137 7.173 6.775PUMSOP 4,279 1D,29C 114.*79
SDEV R *0062 ,0152 • 0327

SCEV ROAR .0041 ,c56e ,0164
kEO, RATIO 1,325 1,420 1,655

TABLE 34. YIELD STRENGTH RATIOS FOR A201-T7 CASTING,
NON-DESIGNATED AREA, SUPPLIER C

e/D= 1.5 e/D 2.0
TYS CYS v SYSS-

Y-y- TfS T s -'.

PF1O SUPPLIER C REF (2) 53.4 1.036 0,003 0.000
F04 J.PP'LE A C Ajf ) 51.1 -. 06? O.000 ___Q1 L

F107 SU.PLIER Rt C ( 1 5161 1.072 0.003 3-000
. .. 10... SUPPLIER C. IEF 421. 50,7 1,4074 00003 0.000.

Fil3 SUPPLIER C REF (2 1 S5.4 1.029 0.003 0.000
F101 SUPPLIER C RE (2 56,. .. 0.000 1.533 0.0000
F104 SUPPLIER C REF (21 58.1 0,000 10518 09000
F? 0_ .PL TER C ItF F V 1 P 0.0 .A, .1.L0 C600 -9

- F110 SUPPLIER C ItE F (2 ) 59.6 00100 1,413 0,000 0.
._ F1 13 SUPPLIER C REL (2) * 5, .. 0,uO0 1.405 00000

-FO SUPPLIER C REF j2) 52.9 0.000 0.003 1,868 C-
F104 • SUPPLIER C REF. (2 ) 5300 00000 0.000 19836 -

F107 SUPPLIER C kEF (21) 51,Z CO0GO 06000 L.953
" F- n I L JJPULIE E & C *E 12 1 5100 • ... .. _ 0 1,990

F P113 SUPPLIER C REF (2 55.e 0.0o0 0.000 1..,6
NUMSSR 1 5 5

4AVG It 1351 1050? ' 8 7 5
SU'4 R 5.0?29a ?.534 9.375

'I SU"So a 5.600 1]3055 17,588
S Q1 V.1 ko0 2 48  ,0233 ,0504
SDiV ROAR .o011 .0104 .0225
"REDO RATIO 1.034 10495 1,827

375
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TABLE 35. ULTIMATE STRENGTH RATIOS FOR A201-T7 CASTING,
DESIGNATED AREA SUPPLIER D

Ks I TIDA In
e/D- = .5 e/D= 2.0

YU $us Bus Bus
-u TU T'-US

2 - A201 SUPPLIED ID PEF (3) 68.5 .585 0.003 2.031
A204 iJJ._,L ERD KIF._k3I b1 7Qa. , 0cZ, A 092._
A207 SUPPLIER 0 RfF 03) 67.2 .594 0.000 2.137

_ A210. SUPPLIER 0 REF (3) -_ 69.3 ,57? 0,030 2.100
A?13 SUPPLIER D REF (3) 62.9 o64? 0.00) 2.273

- - 202 .SUPPLIER D REF (3). 66.5 .0.0000 1,671 0.000
-205 SUPPLIER 0 REF (3) 69.6 0.000 1.601 0.000

"97 0_ a SiU LIERILD 13.1 00 0 1.1&.....I,6i Dm_.._ 00_0
IB11 SUPPLIER D REF (3) 67.5 0.000 1.633 0.000
8214 -. .SUPPLIEP D REF 13) 676 , 0000 1,643 0.000

SNUMBER R 5 5 5
__ _ . - AVG R ... 9..... . 601 1,639 2.127

SUN R 3s005 68*13 10.633•." ~~~~~~~~SU'IS R lO9 1 •____Z L
SDEV it ,0273 o02g•4 ,005
5DEV ROAR 6012Z .DIL *.0405
-RED* RATIO .575 1.614 2.040

TABLE 36. ULTIMATE STRENGTH RATIOS FOR A201-T7 CASTING,

NON-DESIGNATED AREA, SUPPLIER D

I,'I
e/u-- ,b ' e/ - .

. Tus sus Bus SUS
TUS TUS TUS

F201 SUPPLIER D REF (31 63.9 .620 0,003 2,013
F204 SEUP.P F , 0D.002 _I&B.19
F207 SUPPLIER 0 REF (3) 65.5 *606 0.001 2.064

,.'" FZlO-..... SUPPLIER 0... REF (3) .. 64&9 .@615 0,003 2.008
"F213 SUPPLIER 0 REF (3) 65.6 .590 0.003 1.971
FZC . SUPPLIER 0 REF (3) 6640 08000 1,624 0,000
C204 SUPPLIER 0 REF (3) 67.3 0,000 1,633 03000

.. Z07 -SUPPLY E .0 pJEiJ3± 7]an I .5 V S-c 06 A.,
F210 SUPPLIER 0 REF (3) 66.9 0000 , lo6Zo 0.000

.. 213 SUPPLIER D REF 03) 62.5 0.000 1,750 0.000
-NU.4LIft R t 5 5

SAVG R .0 •1.645 1.963
SUm R 3.011 8.225 9.915•., StINso 2 1 . fi z, 1 .4 - AA•--__J L 9" --g __

.SDEV A .0166 00605 .0901
$DEV ROAR m0074 ,0270 .0403
RED* RATIO .586 1.587 1.897

376
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TABLE 37. YIELD STRENGTH RATIOS FOR A201-T7 CASTING,
DESIGNATED AREA, SUPPLIER 0

KSI RATIO
Te/ -l1 .5 e/D- 2.O

A201 SUPPLIER 0 REF (31 63".4 ,970 0.003 0,0000
AZO4 SUPPLIER 0 1 EF 131 60.0 1.044 0,000 30003 -

*:A-• -sOe~e' j--i3 eo~ 1.5 --- oo0 3 0,0 ,

_.A_210 SUPPLIER 0 REF ( 31 62.7 1.024 0.003 0.000
£213 "SUPPLIER 0 'REF 4 31 56.2 1.121 0.000 0.000
l 2OZ SUPPLIER 0 REF (3) 59@2 06000 1054Z 00000

20S SUPPLIER 0 REF £3) 63.2 00000 1*501 0,000
Mo0S SUPPLIER 0 REF (3) 60.2 0.OCO 1,043 0.0000
szrf""--PP '-Ei D:--3) 60.4 0.000 1.553 0.000,6
,214 SUPPLIER 0 IEF (31 63.1 0.000 1.504 0.000 0

S201 . UPPLIER ' " E F4 31 63.4 0.000 0.003 1.674 -

£0AZO4 SUPPLIER 0 - REF (3) 60.5 04000 0.003 1.872
"£207 SUPPLIER 0 REF ( 3) 6.. .. 06000 0.003 l.622
£210 SUPPLIER 0 REF (3) 62.7 0.000 0.003 1.864
A213 SUPPLIER 0 REF (3) 56.2 0.000 0-0CF 0 2.053

_iJI*ER R 5 5 9
AV; R 1.044 10.531 1,857
SU4 R 5,220 7.653 9.285
suqso R 5.460 11,717 17,317
.SEV R .0519 ,0215 a1357
SDE V RAR .o0232 .0097 .0607
A RED. RATIO 0994 1.513 1.728

TABLE 38. YIELD STRENGTH RATIOS FOR A201-T7 CASTING,
"NON-DESIGNATED AREA, SUPPLIER D

KS! _.LATJI
e/D-1.5 e/D- 2.O

._, YS. sirs

TYS M TY5

F201 SUPPLIER 0 REF 4 3) 61.7 99 00000 0,000
-noZt L ( S1)PLLIE. LD •)L ;?L d1L. __ __0m 0o0 a ..0., O _

.F07 SUPPLIER 0 REF f 3) 62., 1.029 00003 0.000
,21. ..... U SUPPLIER A REF £31 _. 62.0 1,013 0.000 0.0000

• .213 SUPPLIER 0 REF 4 3) bled 1.013 0.000 0,000
.F01 SUPPLIER D RLF (3) 57P7 .. 08000 1,544 0.000
F204 SUPPLIER 0 REF 4 3) 60.7 0,000 1,524 0.000
f~a? SUPPLI~Ft at RP L (31-- fc2 006 IL ___ __0, -0.1 on
""210 SUPPLIER 0 REF 4 3) 59.3 0.000 1.524 0.000
F213.. SUPPLIER 0 iEF 3) 59,7 ... OOiO 1,504 0,000
F201 SUPPLIER 0 RIEF (31 61.7 00000 0.003 1,705
F . 2 0•... - SUPPLIER 0 REF £3) 61.8 0.000 0.000 1.667
F207 SUPPLIER 0 REF ( 3) 61.5 0.000 0.003 10707
10 S.EPPLI.Fa at R.Ef 1 31 62.1 0.D0 0 D01.hs9
"F213 SUPPLIER D REF (3) 61.7 00000 0.000) 1713--. NU~SER R S S S

AVG R 1.012 1,515 1.690
"-- .... SUql R 5,061 7,536 8.,451

SU4SO 4 5.124 11.517 14,Z86
VIE V 1 .011.1 02.
SOEV R4Ak 00050 $0107 .3114
'..I RATIO 1,002 184)5 1,0bb

377
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TABLE 39. COMPARISON OF AVERAGE RATIOS FOR A201-T7 CASTINGS

Supplier C Supplier D

Designated Non-Designated Designated Non-Designated
Area Area Area Area

Property Edge ..
Ratio Distance 0.500 inch 0. 750 inch 0.500 inch 0.750 inch

CYS/TYS 1.034 1.058 1.044 1.012
SUS/TUS 0.603 0.669 0.601 0.602

BUS/TUS e/D - 1.5 1.504 1.659 1.639 1.645 K.

BYS/TYS e/D 1.5 1.435 1.507 1.531 1.518

BUS/TUS e/D 2.0 2.023 2.200 2.127 1.983
BYS/TYS e/D = 2.0 1.694 1.875 1.857 1.690

TABLE 40. REDUCED RATIOS FOR A201-T7 FOR SUPPLIERS C AND D

Property Edge Supplier C Supplier D -
Ratio Distance

CYS/TYS 1.034 1.005

SUS/TUS 0.615 0.589

BUS/TUS 1.5 1. 526 1.616

BYS/TYS 1.5 1.446 1.511 L
BUS/TUS 2.0 2.053 1.989

BYS/TYS 2.0 1.730 1.700

378
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TABLE 41.ULTIMATE SrRE*46TH RATIOS FOR A201-T7 CASTING

- -K.S .. . ATC

"e/Dg-15.5 2 .- :,
TUS TUS TUS '

SUPPLIER C
DES1G64ATFO AREA . .

A104 SUPPLIFR C REF (2) 6'.! .b600 co.occ Iog
A107 SUPPLIER C. REF (2) 69.1 .601 00000 2.030
Al10 SUPPLIER C REF (2) 60.3 .591 (,,o.oo 1.699
A113 SUPPLIER C REF (2) 65.6 .611 Cf.820 2.076
5102 SUPPLIER C REF (2) 670? 0,003 1.417 49.ouC.

... B105___ SUPPLIER, C ... _ REF (23 -- 45 C00.0 e.1#498 0.000
0loe SUPPLIER C REF (2-) . 5.' L.)C3. 1 54 " •...

Bill SUPPLIER C REF (2) 67. 0• a 6 1. 4r? a c c
9214 SUPPLIEP C REF (2) 65.5 0.300 10!5? 0.000

N3N-OESIGNATED AREA
F101 SUPPLIER C REF (2) 510 ? 66 C.( .o' o C 20151-1

_.... F104_- SUPPLI.R...C_ C REF..j 2) _,.3 e. 6_..... 600 0 2*17Li
F107 SUPPLIER C RE9 (2) $6.0 .06,4 0,001..
Fl10 SUPPLIER C RE' 12) 56.69 .',94 C.,o 0.217
F113 SUPPLIER C REP (2) 63.7 .624 1.000.,
F1o2 SUPPLIER C REF (2) 2.29 0.fao0 1.167 o.cco
F104 SUPPLIER C REF (2) o3.Q 9o 0j0 1.679 30000
FlO?___ SUPPLIER C REF. (2R......_._ ". 0.30 1.677 . C
F110 SUPPLIER C REP (2) 45.. " .000 1.639 00000
F113 SUPPLIER C REP= (2) '0.. 0030 1,'11 C •,

SUPPLIEk fh t,-
DES1G4ATED APE&

o201 SUPPLIER 0 REi (3) 4.05 .055 C.030 2oo21I
A204._._ SUPPLIERD 0 REF _ (3) 6?.'o .601 .90000 -00;?

A207 SUPPLIER C REF (3) 47.' 5 'Q4 O.000 2.137

A210 SUPPLIER 0 iE" r 31 69.3 .05? 0.000 2.103
A213 SUPPLIER 0 REF (3) 6z.9 .647 C.o IG 2.273
9202 SUPPLIER 0 REP; 3) 66.5 0.003 1.671 10001.
B205 SUPPLIEF D REF (3) 69.00 L'.;,#O 1.0601 0.000

*....208 ___SUPPLIER It REIF (3) 67,3 164 600( 0
5211 SUPLIE 0 EF() A. t  .003 1.633

5214 SUPPLIER 0 REP (3) f:.t C,.4j)u 1.643 3.0a..
N3N-OESIGNATED AREA

F201 SUPPLIER 0 REF 133 IS.:4 .620 0.000 2.013
F 2)4 SUPPLIER 0 REF 13) 'IS". .580 0.000 1.019
F. 120? SUPPLIER 0 REF ( 3) 6.50 .6606 0.000 ?s.04
F- F210 SUPPLIER 0 REF (3) 64.9 .615 0.003 Z6.O00
F213 SUPPLIER D REF (3) 00.4 .)93 0.000 1.971
"-F01 SUPPLIFR 0 REF (3) 66.0 (.000.2 1.624 0003
F 204 SUPPLIER 0 REF ( 31 . 67.o 0.0003 1.633 0.COo
.P207 SUPPLIER D REP (3) T'.2 0.300 1.59? o.oc,ý.

""FZ!9.___.jUPL.IE.R__ REP ( 3) 66. _.0.60 1,6Z O
"F213 SUPPLIER D REF (3) 62.. 0.303 1.?50 O.CO.

NU4•5 P Q 19 20 19
AV, R .621D 1.611 26096
SUL R 11.771 32.229 3o.637
su'4•5 4 7.31# 52.oS50 8?.o23

•90TM*36 
o0s O m62• " •13 9

SDEV Q&R o00M3 .0175 .0261
RED. RATIO .505 1.581 2.C,41
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TABLE 42. YIELD STRENGTH RATIOS FOR A201-T7 CASTING

1(51 RATIO'

e/D = 1.5 e7D 2.0
TIS ~TYS Y

SUPPLIER C
.0LSI;NATED AREA -___

£104 SUPPLIER C REF (21 S2.? 1.041 0.000 1.707
-. 4A107 SUPPLIER C -, REF t2l bt.6 l.J3 C.000 L0709

£110 SUPPLIER C REF 421 4110 1.339 0.000 1.645
A113 SUPPLIER C REF £2) 05?4 0 10323 0.000 10715
5192 SUPPLIER C REF 12) S2.% u a 1) J3 1.436 30000

.....I D. SUPPLIER C ff (2) S..A0. 0 44, le494 36000
s10e SUPPLIER C REF 42) S2.4 0.000 2*444 3.6c~a
viol0 SUPPLIER C REF (21 62.4 0*000 1.420 0.0000
6104 SUPPt.IER C REF 121 4ý1. 1 0.303 1.419 40.000

maN-of S I GNAT AREA
F101 SUPPLIER C RE$ (2) 1514 1.036 0.000 0.000
F104 -SUPPLIER C PEP 121 $lot 1,06, 0.000 3.coo
F107 SUPPLIER C REF (2) 51.1 1.072 0.000 0.000
P110 SUPPLIER C REF~ (2) q()47 10367 0.000 0.000
F113 SUPPLIER C VEF (2) 51 1.329 G.000 0,000
F101 SUPPLIER C qEF (2) "Jos 0.000 1.933 30000
F104 SUPPLIER C IEF (2) si.1 0.000D 1.919 0.0000
FLO? -SUPPLIER C 4EP I2 I 4'.1 0.0000 10518 3.0000
F110 SUPPLIER C REF (2) 599.' 0.000 1.480 0.000
Fill11 SUPPLIER C REP (2l 119.5 0.000 1.465 30OCO
F161 SUPPLIER C REF (25 52.9 0.200 0.000 10868
P104 SUPPLIER C REF (2) $190 0.000 06000 1.638
F107 SUPPLIER C REF (2) 510' 0.000 0.000 10953
F19 UPPLIER c R Ef -(2) 1.9 00000 0.000 19590
F113 SUPPLIER C REfV (2; 955. 0.000 0.000 1.826

SUPOLIER 0
DESIC'4ATED AREA

£201 SUPPLIER 0 REF 13) 63.4 .978 0.000 0.000 _

£204 SUPPLIER U REP (3) 60.8 1.044 0.000 '.0000
£207 SUPPLIER 0 REF (3) 605.O9 1.053 01000 0.0000
£z10 SUPPLIER 0 REF 131 Sze? 10024 C6000 0.0000
A213 SUPPILIER D REF (3) 56. ' 1.121 0.000 0.0000
6202 SUPPLIER 0 REP- (33 49.z 0.000 1.942 0.000
5203 SUPPLIER 0 REF ('31 63.2 0.000 1.506 36000
1206 SUPPLIER 0 REF (31 60.'1 0.030 10543 3.0000
8211 SUPPLIER D REF (3) 60.4 (00000 14513 000M
5214 SUPPLIER 0 RE% (3TI 6W01 0000 1.050 0.000
£261. SUPPLIER 0 REF 131 '6104 t..503 C9000 1.674
£204 SUPPLIER 0 -RE c (31 SOS.1 0.000 C*000 ISM7
£207 SUPPLIER D REF (3) 600ý 0.300 00000 1.822
A210 SUPPLIER P~ REF (35 6Z6.7 4.030 00300 1.864
£213 SUPPLIER 0 REF (3) 60 0 404. 0.3CO 5d53

ham-ofsIGN£TED AtEA
~F201 SUPPLIER 9 REF t.3) - 61.' - 999 00000 06000
F204 SUPPLIER 0 REF (3) 61.2 1.008 0.0000 0.060.

__FZD?.... SUPPL IER D REF 031 62.0 1.324 c.OOC 0.0000
F210 SUPPLIER 0 RtEP 13) 0A200 1.0)13 0.000 01000
F213 s UPPL IERi q- REP- 43) flies 1,7113 .0030 0.000o
F201 SUPPLIER D REF i 31 57.' 0.000 1,0;44 0.,000
F204 SUPPLIER 0 RE 6 3) 8107 0.000 1.529 0.0000
F207 SUPPLIER 0 REF 13) S3.1 00000 1.'.81 0.000
F210 SUPPLIER 0 REF (3) ý901 0.000 1.924 0.000
F213 SUPPLIER 0 REP (3W 59.? 0.300 1.,509 0.0000
F201 SUPPLIER 0 REF (31 81.? 0.300 0.000 1.709
F204 SUPPLIER 0 REF (3) 61.5 00300 0.300 1.066?
P207 SUPPLIER 0 REP (3) S1.01; 0.000 0.000 1.707

PI...SPLE E_(3) s2.1 09003 04000 10659
F213 SUPPLIER 0 REq 3 61.7 0.300 0000c 1.713

NU44tv 4 19 2C 19
AVG 4 1*437 10497 1.7e3
SJi" R 19.709 29.9411 33.686
sumso q 20.463 44.879 62.670
WDV 0 .03?9 *0429 .;41__
S0MV 444t 00375 .OC6 .0262
REO. QATT-1 1.024 1.491 1.73b

380



39

jTABLE 43. REDUCED RATIOS FOR A201-T7 CASTING

Suppliers C& D Existing MIL-NDBK-5
Property Edge A201-177 A201-1`6
Ratio Distance

CYS/TYS 1.024 1.02

SUS/TUS 0.605 06

BUS/TUS 1.5 1.581 1.50

BYS/TYS 1.5 1.481 15

BUS/TUS 2.0 2.041 19

BYS/TYS 2.0 1.738 18
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FIGURE 1. HISTOGRAM FOR A357-T6 TENSILE ULTIMATE
STRENGTH DATA FOR NON-DESIGNATED AREA -
SUPPLIER B
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TENSILE~ YIELD S1RENITh.
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FIGURE 3. HISTOGRAMS FOR A201-T7 TENSILE YIELD AND
ULTIMATE STRENGTH DATA FROM SUPPLIERS C AND D
DESIGNATED AREA
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APPENDIX E

QUALIFIED FOUNDRY PROCESSES
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QUALIFIED FOUNDRY PROCESSES

Magnesium Alloy Products (A357-T6 Alloy):

The following controls and procedures wEere sed to cast the step plates L

for program evaluation at Magnesium Alloy Products:

Chemistry Control

1. Use a metal charge of ingot and back scrap that is made for Magnesium

Alloy Products limits per form L-9 (8/76)

2. Pour preliminary chemical samples (prior to final grain refiner ad-

ditions) to check chemistry to Magnesium Alloy Products limits

3. Pour a final chemical sample after final grain refiner additions are

made

Gas Control

1. Degass melt by bubbling pure and dry nitrogen (approximately 45 min-

utes for 300 lbs melt)

2. Check gas content of melt under vacuum, with maximum of eight bub-

bles, obtain approval prior to adding final grain refiner

Grain Size

Control grain size by adding final grain refiner of 0.2 percent to 0.6

percent of titanium within one hour of pour-off

Melt Temperature

1. Control temperature during processing with automatic furnace controls

2. Control pour-off temperature to within + 20F of the specified temper-

. ature: 1380F for a stepped panel and 1240F for a KIc block

* " Molding (Figure El)

1. Use conventional green molding (oil bonded petro bond sand)

2 Use the following aluminum chills:

386



00

0) I.-

LL >-

00

~02
->

w00

387



Hold Quantity Size (Inch)

Drag half 1 3 x 3-1/2 x 2-1/2

2 2 x 2 x 1-1/2

1 1-1/2 x 2 x 3/4

=' Coupon "A" 2 x 1-1/4 x 2

Cope half 3 Form chills

1 3 x 1-1/2 x 2-1/2

Coupon "A" 1 x 1-1/4 x 1-1/2

3. Use a I x 3/8 inch, tapered sprue

4. Use two 2-1/2 x 4-1/2 inch fiberglass screens

5. Use a flask with a 6-inch cope and 6-inch drag.

.•.4 Welding

1. Accomplish welding per Magnesium Alloy Products weld procedure, as

authorized

Heat Treatment

1. Apply solution heat treatment at 1OIOF + IOF for a minimum of 12

hours

2. Ensure load density during solution heat treatment is light, castings

are spaced apart, and temperature rise ot quench water is less than 15F

3. Maintain quench temperature by using room temperature water at 60F to

80F with adequate water circulation, for a period of less than 8 seconds

4. Apply precipitation heat treatment at 330F + 5F for 5 to 7 hours to

achieve a yield of 44,000 + 1,000 in integral coupons

Teledyne Cast Products (A357-T6 Alloy):

The following control procedures were developed at Teledyne Cast Products

for production of step plates:

Melting

The following procedure for PQ A357 alloy is used in conjunction with the

Teledyne Cast Products Standard Practice #6306:

1. Use charge consisting of 100 percent A357 ingot in gas-fired furnace

with silicon crucible

2. Melt down metal charge; add No. 11 coverall as metal begins to melt
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3. Adjust temperature to 130OF; keep surface covered with No. 11 cover-

all as metal is melting

4. Roll melt carefully to obtain good mix action, breaking the metal

surface as little as possible

5. Pour chemical slug; start heating titanium-boron hardener on furnace

setting (1/2 lb per 1.00 lb of melt)

6. Time to coincide (within one hour) with the completion of mold assem-

bly; perform the following steps through approval of melt

7. Adjust metal temperature to 1350F; skim

8. Add alloy ingredients in accordance with standard practice (do not

add titanium-boron hardener unless specified by laboratory to bring titanium

up to chemical requirements)
9. Adjust temperature to 1380F; degas with nitrogen for 20 minutes; take

chemical slug; let melt settle for five minutes; set temperature for 1300F

10. Take gas analysis sample at 10 mm. vacuum; if gassy, repeat step 9

11. If gas is acceptable, raise melt temperature to 1350F and add titan-

- ium-boron hardener.

12. Preheat ladles

13. Skim, fill ladle, skim ladle, and pour at 1350F + 20F.

Chemistry

A357 alloy chemistry after degassing (step 9 of melt procuedure, above,

is as follows:

Iron 0.10 maximum
Magnesium 0.55 to 0.590

Beryllium 0.055 to 0.075 (optimum 0.065)

Titanium 0.12 minimum

Balance to meet specification.

Final chemistry is the same as listed above.

Molding (Figure E-2)

Use AFS 60 Nevada molding sand hardened with 1.1 percent Pepset binder

(photographs indicate mold assembly)
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Heat Treatment

1. Apply solution heat treatment at OIO for 16 hours

2. Use water quench procedure

3. Follow step 2 with a 24.'hour delay at room temperature and a 6-hour "-

age treatment at 340F + IOF.
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Smithford Products Co. (A201 Alloy)

The following control procedures were applied to produce test step plates at

Smithford Products:

Melting

The melting process is as follows:

1. Accomplish melting in a 10001b gas-fired furnace with a silicon-

carbide crucible.

2. Use a charge of approximately 60 percent ingot and 40 percent re-

turns, which are cleaned and from which all metallic screens are removed

3. Degas the melt by an injection of nitrogen and chlorine gas until a

sample, solidified under a vacuum of 2 to 4 inches of mercury, shows no

evidence of gas when sectioned and polished

4. After completing degassing, adjust the melt to proper composition and

checked again for gas content

5. Increase temperature raised to 1390F and make a final check made for

composition; add grain refiner salt (titanium-boron) within 30 minutes prior

to pour

6. If composition is acceptable, pour melt. -

Materials used for melt addition are as follows:

1. Copper in wire form

2. Tital 6 percent (titanium-aluminum)

3. Magnesium in stock form

4. Silver in granule form.

5. Manganese (10 percent) in button form

6. 201 refining salt (Titanium-Boron)

Melt chemistry is adjusted to target ranges of the following:

Content Percent

1. Copper 4.70 to 4.90

2. Silver 0.50 to 0.60

3. Magnesium 0.30 to 0.35.

The balance of the composition is controlled to specification limits.

392

-• .' ".' . '.• .' ,.r " '• "- ' ,' , ' ,•,, '. '•"3• • " o " '" - ,- ,-, - " . - "• "'•- - . - ", '•' - -%-

I e q a



Molding

The castings are produced in a match pattern in dry sand molds of AFS No. 70

sand, using a 1.5 percent "pepset" binder. The rigging and chilling system is

shown in Figure E-3

Solution Heat Treatment

The step plates are located in a basket on an edge approximately one inch L
apart. The following procedure was used:

1. Apply solution heat treatment, using a gas-fired furnace, as follows:

o 1 hour at 940F

0o1 hour at 960F

o 12 hours at 980F

2. Quenched in room temperature water with a 7-to-lO second delay

3. After an age delay of 12 to 24 hours artificially age at 370F for 5

hours.

Morris Bean Foundry (A201 Alloy)

The following procedures were used for control of foundry processing of step
plate castings at Morris Bean and Company. The melting practice is as fol- K
lows:

Melting

The melting practice is as follows:

1. Use an A201 ingot and a maximum of 20 percent clean remelt as base

charge

2. Control magnesium by using 100 percent magnesium alloy

3. Add copper by using electrical grade copper wire

4. Use silver in ingot form to maintain specifications
5. Add titanium as 5 percent titanium -I percent beryllium hardener in

the form of as extruded rod.

The melting procedure is as follows:

1. Melt ingot down

2. Heat at 780C to 790C I.

3. Degas with nitrogen for 15 minutes for graphite diffusion head
4. Obtain chemical check specimen
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5. Adjust chemical composition to the following:

Content Percent

Copper 4.5 to 5.0 K-'

Silver 0.5 to 1.0

Manganese 0.2 to 0.5

Magnesium 0.25 to 0.35

Titanium 0.15 to 0.30

Iron 0.05 maximum

Zinc 0.10 maximum

Silicon 0.10 maximum

Nitrogen 0.05 maximum

Others 0.05 maximum

Other total 0.15 maximum

6. Degas again for 15 minutes

7. Obtain chemical check specimen again

8. Pour gas slab for gas check

9. Add 5 percent titanium - I percent beryllium grain refine (0.002% Ti

B rod)

10. Wait for 10 minutes after stirring

11. Pour step plates at 760C - )70C.

Melt controls are as follows:

Gas control:

1. Degas with Argon-Freon gas mixture for 15 minutes; complete degassing

using argon gas in electric ladle

2. Pour reduced pressure button to evaluate gas level

3. When gas level is satisfactory, pour x-ray gas slab to verify melti is

gas free (slab should not exceed No. I gas level; when gas slab is acceptable,

melt is ready to pour.

Grain Size

I Maintain grain size by refining with KBI A201 salt flux prior to pour-

ing (flux addition is 1/4 percent of melt weight)
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Solution Heat Treatment

1. Apply solution heat treatment as follows:

Temperature, *F Time, Hours

920 2

940 2

960 2

980 +10 18

2. Quenched castings by hand removing from furnace on a wire quenching

in room temperature water (quench time is 6-10 seconds)%

3. Age delay at room temperature for a minimum of 12 hours

4. Age plates at 370F + 5F for 4 to 5 hours.

Molding Procedure

*All castings were poured in dry sand cheek molds which used a Pepset binder.

The mold assembly is shown in Figure E-4. 
I
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APPENDIX F

EVALUATION REPORT -FATIGUE CRACK 
I

GROWTH TESTING OF CAST ALUMINUM
*2 ALLOY A357-T6
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SYSTEMS SUPPORT DIVISION
AFWAL MATERIALS LABORATORY

WRIGHT-PATTERSON AIR FORCE BASE, OHIO

EVALUATION REPORT

FATIGUE CRACK GROWTH TESTING OF
CAST ALUMINUM ALLOY A357-T6

- REPORT NR: MLS-84-37 DATE: 25 Apr 84

PROJECT NR: 24180703 TYPE EVALUATION: Constant-
Load-Amplitude Fatigue Crack

MANUFACTURERS: Teledyne Cast Products Growth Tests
Magnesium Alloy Products Co.

SPEC NR: N/A
REQUESTED BY: Northrop Corporation

ATTN: Mr Kermit J. Oswalt ITEM SERIAL NR: N/A
Metallic Materials Research
Advanced Manufacturing Technology WUD NR: N/A
Orgn 3872/62, Aircraft Division
One Northrop Avenue
Hawthorne CA 90250

I. PURPOSE ,

To generate constant-load-amplitude fatigue crack growth data for cast
" ialuminum A357-T6.

* II. BACKGROUND

A357 is a heat-treatable, aluminum-silicon-magnesium casting alloy which
Shas moderate mechanical properties in the -T6 condition. Although many

aerospace components have been cast with A357, the alloy still lacks a
comprehensive statistically analyzed data base. Without this data, which
includes damage tolerance critical data, A357 is generally specified for non-
flight-critical structures and components. Both the aerospace industry and
the Air Force realize that eliminating this data void will lead to greater use
of A357 castings and substantial cost savings.

As a major step in developing such data, the Northrop Corporation, under
Air Force contract, is generating supplementary MIL-HDBK-5 data for casting
alloys A357 and A201. A part of this program involves obtaining A357 test
plate castings from several sources, expanding the existing data base, and
eventually deriving design allowables. To assist this effort, the Systems
Support Division (AFWAL/MLSE) agreed to conduct fatigue crack growth testing
of A357 in exchange for, A357 step plates. These step plates will be part of a r
"future in-house program to characterize A357 at elevated temperature. This
report describes the fatigue crack growth testing performed, and the results
obtained for A357 at room temperature.
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I11. MATERIALS AND SPECIMENS

Twelve A357-T6 fatigue crack growth specimens were supplied to Systems
Support Division by Northrop. The specimens tested were standard compact-type
(CT) specimens, measuring 0.375 inches thick (B) and 2.000 inches wide (W).

Alloy chemistry was within the following Enmits for nine of the twelve
specimens:

Silicon 6.5 - 7.5%
Magnesium 0.55 - 0.65%
"Iron 0.20% max
Titanium 0.10 - 0.20%
Beryllium 0.04 - 0.07%
Zinc 0.10% max
Copper 0.20% max
Manganese 0.10% max
Aluminum Balance

Table I lists information about each specimen. Specimen 89CG1 LowSi was

tested before the silicon deficiency in three of the specimens was discovered.

IV. TEST PROCEDURES

Tests were conducted in accordance with ASTM E647, "Standard Test Method

io8for Constant.-Load-Amplitude Fatigue Crack Growth Rates Above 10rm/cycle."

Specimens were precracked and tested on a 2.2 kip electrohydraulic axial
fatigue machine. Crack length was measured with a Fractomat electronic crack
length reading system. Electronic measurements were verified with a traveling
microscope.

An R ratio of 0.1 was applied sinusoidally at 25 Hz for three specimens,

and 30 Hz for nine specimens.

All tests were conducted at room temperature in lab air.

"V. TEsr RESULTS AND DISCUSSION

The fatigue crack growth results for each test were plotted in
Figures 1-10. For ease of comparison, Figures 11-14 were also generated.

Of the six specimens from Magnesium Alloy Products Co. testedtwo (36CGI,
"251/4-31) deviated considerably from the other four at lowA Ks. At
approximately 11 KSI ýTi and above, all of the Magnesium Alloy Co. plots
assume the same form and exhibit little scatter (Figure 11 - 12).

The Teledyne specimen plots revealed greater scatter as shown in
Figure 13. At lowAKs specimen 89CG1 had the least crack growth resistance
while specimen 97CG1 had the most crack growth resistance. The low silicon
specimen plot (Figure 10) was in line with the other Teledyne plots.
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The plot in Figure 14 was generated for comparison with the data
generated in this study. The Magnesium Alloy Co. and Teledyne material both
possessed better crack growth resistance at low AKs than 2124-T851 and
A201-47. Also, it was noticed that the fatigue crack growth rates obtained in
this program were similar to those generated in the CAST program.

VI. CONCLUSIONS

Cast A357-T6 is competitive with some commonly used wrought alloys when
considering fatigue crack growth resistance, especially at lowbK values.

Prepared by: Coordinator:

4 gineering & Data Engineering & Design Data
Materials Engineering Branch Materials Engineering Branch
Systems Support Division Systems Support Division

PUBLICATION REVIEW

This report has been reviewed and approved by:

THEODORE J. RINHART, Chief
Materials Engineering Branch
Systems Support Division
Materials Laboratory

Distribution:

AFWAL/TSTM
AFWAL/MLS
AFWAL/MLSE (T. Reinhart)
AFWAL/MLSA (T. Cooper)
AFWAL/MLSS (Maj Hardy)
Northrop Corp. (Kermit Oswalt)
Northrop Corp. (Yuli Lii)
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TABLE I: Specimen data.

SPECIMEN MANUFACTURER CMENT

"15CG Magnesium Alloy MT I._/
36CG1 Magnesium Alloy MT

37CGI Magnesium Alloy MT

BOCG1 LowSi Teledyne Low Si, NT 2/
89CG1 LowSi Teledyne Low Si, ETl /
97CG1 LowSi Teledyne Low Si, NT

244/2-19 Magnesium Alloy ET
250/4-24 Magnesium Alloy ET
251/4-31 Magnesium Alloy ET

89CG1 Teledyne Replaced 80CG1 LowSi, ET
93CG1 Teledyne Replaced 89CGI LowSi, ET
97CG1 Teledyne Replaced 97CG1 LowSi, El

• 1/ MT = Manual Test
• 2/ NT = No Test
/ ET = Electronic Test
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APPENDIX G

EVALUATION REPORT - FATIGUE CRACK GROWTH

TESTING OF CAST ALUMINUM ALLOY

L '• A201-T7
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SYSTEMS SUPPORT DIVISION
APWAL MATERIALS LABORATORY

WRIGHT PATTERSGN AIR FORCE BASE, 01110

EVALUATION REPORT

FATIGUE CRACK GROWTH TESTING OF
CAST ALUMINUM ALLOY A201-T7

REPORT NR: MLS-83-88 DATE: 9 NOV 83

PROJECT NR: 24180703 TYPE EVALUATION: Constant-
Load-Amplitude. Fatigue Crack

MHAUFACTURER: N/A Growth Tests

SUBMITTED BY: Northrop Corporation
ATTN: Mr Kermit J. Cswalt SPEC NR: N/i

Metallic Materials Research
& Advanced Manufacturing SERIAL NR: N/A
Technology
Orgn 3872/62, Aircraft Div WUD NR: N/A

One Northrop Avenue
lawthorne CA 90250

I. PURPSE:

""o generate cp1nBkauL-iuu-Ldpl.tde fat4t rc "f.

aluminum A201-T7.

II. BACKGROUKD):

A201 is a heat-treatable, aluminum-copper-silver casting alloy which

possesses relatively high strength mechanical properties in the -T7 condition.

Although A201 has been cast for several years in various configuratious it

still lacks a comprehensive statistically analyzed data base. 1.ithouL this

data, which includes damage tolerance critical data, A201 in generally spec-

ified only for structural and component applications that are not flight-

cxitical. Bothl the aerospace industry and the Air Force are intGrested in the

cost savings tbat can be realized through the widfhr use of cinstings and are

working towards eliminating the data void.

As a major step in developing such data the Northrop Corporation under

Air Force contract, is generating supplementary MIL-?.DBK-5 data for cast A201

and A357. A prrt of this program Involves obtaining A201 castings from

several. sources, expanding the existing data base and tevent.ally deriving

design allowables. To augmenL this effort thu Systems Support Division

(AFWAL/MLST) agreed to conduct faitiguc crack grouth t'estvng of A201 in

exchange for A201 step plates. Addi',!i'iial in-house work is also planrned to

obtain elevated temoernturcr data. Th~b report describos, the fatigue cra ck

growth testing performed and the restilts obtained for A201.

419

.- .,"""." , .. *•"."-ro"."•".'""¢ " ,..,.,,.,., -,..', """ "" • :', •



- - - - - - - - - -

III. SPECIMIENS:

Six A201-T7 fatigue crack growth specimens were supp3lied to the Systems
Support Division by Northrop. The specimens were standard compact-type (CT)
specimens, 0.368 inches thick (B) and 2.000 inches wide (W).

Alloy chemistry was within the following limits:

Copper 4.5 - 5.0 percent
Silver 0.5 - 1.0 percent
Manganese 0.20 -0.50 percent
Magnesium 0.25 - 0.35 percent
Titanium 0.5 .30 percent
Ironi 0.05 percent max
Silicon 0.10 percent max
Aluminum Balance

Ultimate strength, yield strength and fracture toughness values were
estimated as 60 ksi, 55 ksi, and 30-33 ksi. t{i-i-cl respectively.

IV. TEST PROCEDURES:

Tests were conducted in accordauce with .ASTM standard E 647, "Standard 7
Method for Constant-Load-Amplitude Fatigue Crack Growth Rates Above

-8
10 si/cycle."

~'e~ ~ -1cd ud tested on a 25 kip electrol'ydraulic fatiguie
machine. Crack length was measured optically using a traveling microscope.

An R ratio of 0.1 was applied sinusoidally at 25 H--.

All tests were conducted at room temperature in lab air.

V. RESULTS AND DISCUSSION:

Of the six Epecimens, one spec~inrx failed during test set up. The othcr
five speciraens were tested without incident.

Using a seven point polynominal m~ethod, a desk top computer calculated
and plotted the fatigue crack growth data in Figures 1 -6. Figure 1 was
constructed to show the coribined data set. A comparison of the data in Figure
1 with similar data from M{IL-PDBK-5D on 2124-T851 wrought plate 2 inch - 5

*inch thick (specified 65 ksi ult) indicates that within the 106 to 10 i~
inch/cycle range, both materials have similar crack growth rates. During
testing it was noted that the fatigue crack. followed a tortuous route and
branched regularly. This contributvs~to the fatigue crack resistance of A201.

2
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SVI. CONCLUSIONS

The data was submitted to Northrop Aircraft to augment and be included in
their own A201 data development program. There-was nothing in the AFWAL data
that indicated any unuoual concern with the crack growth characteristics of
this cast alloy, and in fact it appeared competitive (from a crack growth
standpoint) with commouly used wrought products.

Prepared by: Coordination:

. TIRV&,- 2LT, USAF CAYTT L. HAU-.SWORTH ,''I.

PUBLICATION REVIEW

This report has been reviewed and is approved by:

' "OD01T. J. P.! ,A7RT, C1*ief
Materials Engineering Branch
Systems Support Division

Distribution:

AFW~AL/TSm 4
ANWAL/MIS
AFWAL/MLSE (Reinhart)
AFWAL/MLSA (Cooper)
AFWAL/14LSS (Maj Hardy)
Northrop Corp. (Kermit Oswalt)
Northrop Corp. (Yuli Lii)
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N3882-04-38NORTHROP 32-43 "
JGL :KW:mlh

23 May 1984

Ms. Meg Steigerwald
SAE Aerospace AMS Coordinator
400 Commonwealth Drive
Warrenda'e, PA 15096

Subject: THREE NEW PROPOSED AMS ALUMINUM CASTING SPECIFICATIONS

Dear Ms, Steigerwald:

The attached proposed specifications are submitted for your
consideration as AMS specifications, The proposed specifica-
tions and the AMS draft numbers acquired from you are as
follows;

AMS Draft 40GC Aluminum Alloy Castings, Sand Composite
Structural Aircraft Quality7.OSi - 0.60Mg (A357-T6)
Solution and Precipitation Heat Treated

AMS Draft 40GD Aluminum Alloy Castings, Sand Composite
Structural Aircraft Quality
4.7Cu - 0.75Ag - 0.35Mn - 0.30Mg -0.22Ti

(A201.0 - T7)
Solution Treated and Overaged

AMS Draft 40GE Determination and Acceptance of Dendrite
Arm Spacing in Aluminum Castings

These specifications have been reviewed and approved by an
Ad Hoc casting group of the MIL-HDBK-5 Committee which con-
sisted of aircraft industry materials engineers, foundry
industry metallurgical engineers, and chaired by Mr, Paul E.
Ruff of Battelle (and also a member of AMD),

A need was recognized by the Air Force for cast stiuctures in
aircraft that exhibit optimum properties and reliability.
Such castings offer significant cost savings if specificationr
are available which will provide the necessary casting integrity
permitting the elimination of casting factors in design. The
proposed quality assurance provisions of these specifications
are unique in the metals industry. Anticipated users of these
materials are all the airframe manufacturers. The airframe
manufacturers who were represented in the Ad Hoc Review Group

A.-r-ýi ow" ',t % V;
" * ' " , , * ,':'O A ., ,, C. Or29,,, O . * • I'
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Mrs. Meg Steigerwald W3382-84-38
23 May 1984 Page 2

supporting the need and issuance of AMS coverage included
McDonnell Douglas-Long Beach, General Dynamica-Forth Worth,
Lockheed-Burbank, and Northrop. A final report which docu-
ments the four-year effort to develop these specifications,
including the statistical developed property requirements,
is scheduled to be released later this year by the Air Force.

It is recognized that there are existing AMS specificationr
for A357-T6 and A201-T7 cast materials. However the proposed
specifications, which contain more stringent controls, were
developed specifically for aircraft structural applications.
For this reason, it was not recommended to modify or replace
the existing specifications.

I offer to sponsor these specifications through the circula-
tion and approval procedure. Mr. Jean G. Louvier, Chairman
of Commodity D (Non-Ferrous Alloys) of AMD and an associate
of mine at Northrop, has offered to assist me in this effort.

It is hoped that these specifications can be circulated for
review and comment in time to be on the agenda of the
October 8 AMD meeting in Portland, Maine.

If there are any questions regarding this matter, please contact
the undersigned.

NORTHROP CORPORATION
Aircraft Division

Ke• J. Oswalt
Met lic Materials and

Processes Applications
Dept. 3882/62Telephone: (213) 970-4963

Attachments: (3)

P.S. - To clarify the need and use of these proposed
specifications, it is requested that this letter
be distributed along with the specifications.
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Ms. Meg Steigerwald
Proposed AIS Draft 40GC' by Kermit Oswalt Atalmnt (1) to N3882-84-38
Narthr'ojp Corporiation Page 1 cIf 10
(213) 970-4963 TI1UALO

23 May 1984 A - CASTI1SS, SAND& COMPOSIT
23~ol to Ma 1 8 7 0 1 . gH (A357.0 -%6)

SoluionandPrecipitationi Beat Treated
Structural Aircraft Quality

1.1. Vas- This apeeif Ication covers on Aum~inumz alloy in the forie of eanA
Cý,*-sposire Volded castings.

1.2 A1211clcton: Primarily for structural aircraft components.

1.3 Prepro8uction Qualification:t The foundry supplying castiags to this
sp~ecifleation suet have the preproduction approval of tbe 'purchaser -In
accordance vitb 4A4

2. APPLICABLE DQCU~0NTS: The following public-ations form a part of this
10peci1fication to the extent specified herein. Tbe isteat of Aerospace
Materia~l Specif icatione CAMS) shall apply. 'The applicable issue of other
documetnts shall be as specified In MS 2350.

2.1 SAE Publications:. Available from Society of Automotive logineers, Inc.,
400 Conwone&ltb Drive, Wiarrendale, PA 15096.

2.1.1 Atrospace Material Specifications:

AMS 2350 - Standards and Test Metbods
ARS 2360 - Roca Temperature Tensile Properties of Castings
MKS 2804 - Identification Caatlgss
AMS XXXX - Determinat ion of Demidrite Are Spacings In Aluminum Coastings
AMS 2694i - Repair Weliling of Aerospace CastIngs

2.2 AiTM Publications, Available from American Society for Testing enil
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTh 1557 -Tension Testing of Wrought and Cast Aluminum and Magnesium
Alloy Products

ASTM EIS Test for Rockwell Hardness and Rockwell Superficial Hardness
Metallic Materials

kAqTM E34 - Chemical Analysis of Aluminum and Aluminum Alloys
ASTh E155 - Reference Radiographs for Inspection of Aluminum and Magnesium

Castings, Series III

2.3 Government Publications,: Available from Contmanding Officer, N~aval Publi-
cations and Forms Center, 58.01 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Federal Standards:

Federal Test Method Standard No. 151 -Metals; Test Methods
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4 )•s. Meg Steigerwald Attachment (1) to N3882-84-:

r" Proposed AMS Draft 40GC by Kermit Oswalt Page 2 of 10

23 Kay 1984

2.3.2 Millita Specifications:

MIL-9-6088 - Beat Treatment of Alulinum Alloys
SIL-1-6866 - Inspection, Peneti ant Metbod of
MIL-I-25135 - Inspection KMatorlas, Panetvant

2.3.3 Militatry Standards:

ICL-STD-410 - Outlificatlon of Inspettlov Persounel

MIL-ST)-649 - Aluminum and Magnesium Vroduc~s, Preparation for Shipment
and Storage

IL-STD-00453 - Kilitary Standard Inspection, Radiographic

2.3.4 Industry Standards:

WAS 623 Cast Surface Comparison Standard

3. TECMNICAL REQUIRIMENTS

3.1 Composition: Shall conform to the folloving percentages by weight, deter-
mined by wet chemical method6 iii accordance with ASTM E34, by spectrographic
methods in accordance vith Federal Test. Method Standard No. 151, Method
112, or by other approved ar.alyticaI QZhods:

Tolerance for
Foundry Melt Casting

Analysis Analysis

Below Above
Mtn. Sax. win. LAX.a

Silicon 6.5 7.5 0.5 0.5
Magnesium 0.55 0.65 0.05 0.05
Titanium 0.10 0.20 - -

Beryllium 0.04 0.07 -

Iron - 0.20 -

-Manganese - 0.35 -

Other Impurities, each - 0.05 - 2
Other Impurities, total 0.15
Aluminum remainder remainder

3.2 Condition: Solution ard precipitation heat treated.

3.3 Casting: Castings shall be produced from metal conforming to 3.1. The
chemical sample taken from the Molten bath of the melt shall conform to the
foundry melt analysis requirements. The casting analysis tolerance require-
ments shall apply only to samples taken from a casting.

3.3.1 A melt shall be a single homogenous batch of molten metal to vhich all
processing has been completed and the temperature has been adjusted ready
for pouring castings.

3.3.2 A lot of castinps shall be all castings poured from a single melt in not
more than eight consecutive hours and solution and precipitation heat
treated in the same heat treatment batch.

432

% J. -. 1 21 ,



Ms. Meg Sceigerwald Attachment (1) to N3882-84-38
Proposed AMS Draft 400C by Kermit Oswalt Page 3 of 10
23 M.lay 1984

3.3.3 Each casting shall be identified by a individual serial number to relate

processing of the part with the Inspection result~s for traceability.

3.4 Chemical Analysis Specimens: Shall be cast from each melt.

3.5 Integrally Attached Coupons: A minimum of two coupons shall be integrally
attached to each casting. These coupons shall be used for tensile property .
determination specified in 3.7,1.1 and aicrostructure evaluation specified

Sin 3.8.3. Others may be added for retest and foundry purposes at the option
of the foundry.

3.5.1 Location and size of the integrally attached coupons are optional with
the following exceptions:

3.5.1.1 The coupons must be flat and at least large enough to permit exci.sion of
a sub-size round tensile specimen of 0.250 inch diameter per ASTM B557
with a minimum gage length of one inch.

3.5.1.2 The coupons must be located in such a manner to avoid any interference
with inspection tooling.

3.5.2 The two coupons shall be produced in such a manner to develop a relative
fine microstructure in one coupon compared to the other coupon which
shall be produced with a relative coarse microstructure. A minimum size
difference of 0.0010 inch in the average dendrite arm spacing (DAS) is
desired.

3.5.3 The radiographic quality of the coupons shall meet the requirements for
designated areas of Table 1.

3.5.4 The removal and testing of integrally attached toupons for casting
acceptance shall be performed by a testing facility which has been
approved by the purchaser.

3.6 Heat Treatment: Castings and integrally attached test coupons shall
be solution and precipitation heat treated in accordance with MIL-H-6088
except as otherwise specified herein.

3.6.1 The solution heat treat temperature shall be 1000 to 1020F (538-549C).

3.6.2 The quenching and aging procedure shall be established to develop the
required casting properties.

3.7 Properties: Castings and integrally attached chilled test coupon shall
conform to the following requirements:

3.7.1 Tensile Properties: Shall be as follows, determined in accordance with
ASTM B557 and shall be used as basis for acceptance of castings.

3.7.1.1 Integrally Attached Chilled Test Coupon: For heat treat control, the
following tensile properties shall be exhibited:

Tensile Strength, win. 52 ksi
Yield Strength at 0.2Z Offset, Range 42 to 47 ksi

3.7.1.2 Specimens Cut from Castings: Tensile properties of specimens cut from
the casting shall be as follows:
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-i 3.7.1.2.1 Designated Castin Areas:

Tensile Strength, min. 50,000 psi
Yield Strength at 0.2Z Offset, win. 40,000 psa
Elongation, min. 3%

3.7.1.2.2 Casting areas other than designated areas:

Tensile Strength, Kin. 45,000 psi
Yield Strength at 0.2% Offset, min. 36,000 psi
Elongation, ain. 2%

3.7.1.2.3 When properties other than those of 3.7.1.2.1 or 3.7.1.2.2 are re-
quired, tensile test specimens taken from locations indicated on the
drawing, from a casting chosen at random to represent the lot,
shall have the properties indicated on the drawing for such specimens.
Property requirements may be designated in accordance with AMS 2360.

3.7.1.2.4 Excised specimens shall be subsize and proportional to the standard
round or sheet type specimens defined in ASTM B557.

3.8.2 Hardness of Castings: Castings, should have hardness of ERE 90 minimum
determined in accordance with ASTM E18, but castings shall not be rejected
only on the basis of hardness.

"3.8.3 Hicrostructure: The surface microstructure shall be evaluated as an added
means of quality assurance only. Castings which exhibit an unacceptable
microstructure, shall be held for disposition by the cognizant engineering
procurement personnel.

3.8.3.1 The microstructure of the casting surface in the designated areas of the
casting shall not exceed the maximum size coarseness determined in

.C.

"accordance with specification AMS-XXXX.

3.9 Quality

"3.9.1 Castings as received by purchaser, shall be uniform in quality and con-
dition, sound, and free from foreign materials and from internal and
external imperfections detrimental to usage of the castings.

3.9.1.1 Castings shall have a surface finish in accordance with the engineering
drawing and NAS 823 and shall be well cleaned.

3.9.2 Castings shall be produced under foundry control. This control shall
consist of pre-production examination of castings until proper foundry
technique and controls are established which will produce castings that
will meet the drawing quality and dimensional requirements.

3.9.3 Radiographic inspection shall be performed in accordance with MIL-STD-
00453. In addition, Type 1 radiographic film shall be used, and a
maximum unsharpness value of 0.003 inch (0.08 mm) and flaw sensativity
of 1% shall be maintained. ASTH E155 shall be used to define radio-
graphic acceptance standards in accordance with Table 1.

3.9.4 Castings shall be subjected to fluorescent penetrant inspection in
accordance with HIL-I-6866.
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3.9.4.1 The fluorescent penetrant shall have a sensitivity level equivalent to
group V of MIL-I-25135.

3.9.4.2 Personnel conducting the testing shall be qualified and certified in
accordance with the requirements of MIL-STD-410.

3.9.4.3 Linear indications, cold shuts, cracks, and seams are cause for
rejection.

3.9.4.4 Surface porosity is cause for rejection if the individual pores are
closer than twice their maximum dimension to an edge or extremity of
the casting or the pores form a linear indication, i.e., three or
more are in & line and the distance between each indication is less
than twice the maximum dimension of either adjacent indication.

3.9.4.5 Any individual indication which is three tines longer than it is
wide shall be considered a linear indication and shall be cause for
rejection.

3.9.5 Castings shall not be repaired by peening, plugging, welding, or other
methods, except as defined in 3.9.5.1.

3.9.5.1 Defects in non-critical areas of the casting may be removed and the
castings repaired by welding in accordance with AMS 2694 and using A357
alloy filler metal. Repair welding shall be performed prior to any heat
treatment and final nondestructive testing specified herein.

3.10 Harking

" 3.10.1 Each casting shall be identified by legible raised figures with part
number, foundry identification, and serial number in the area indicated
on the engineering drawing. The serial number shall be used only once
to provide traceability tn the processing of a particular part.

3.10.2 Each casting accepted by radiographic inspection shall be ink stamped in
accordance with MIL-STD-00453.

3.10.3 Each casting accepted by penetrant inspection shall be ink stamped in
accordance with HIL-I-6866.

3.10.4 Integrally attached test coupons or prolongations shall be identified by
a vibroetched serial number corresponding with the casting serial number.

3.10.5 Castings and the accompanying reports shall identify the heat treatment
and melt analysis of each casting through the serial number.

3.10.6 When impregnation is specified or permitted by purchaser, castings shall be
m arked IMP.

•.1
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The vendor of castings shall be responsible
for coordinating all acceptance testing of production castings at the pur-
chaser's approved facilities. The tensile testing of specimens excised
periodically from castings and MAS determinations when required shall be
performed at an approved testing facility that is independent of the foundry.
Results of such test shall be reported to the purchaser as required by 4.5.

-Purchaser reserves the right to perform such confirmatory testing as he
deemts necessary to ensure that the castings conform to the requirements of
this specification.

4.2 Classification of Tests:

4.2.1 Acceptance Tests: Tests to determine conformance to requirements for
composition (3.1), tensile properties of integrally sttached test coupons
(3.7.1.1), tensile properties of specimens cut from castings (3.7.1.2) and

., quality (3.9) are classified as acceptance tests and @hall be performed on

each casting, melt, or lot as applicable.

4.2.2 Periodic Tests: Tests to determine conformance to requirements for hard-
'ness (3.8.27and microstructure (3.8.3), are classified as periodic tests
"and shall be performed at a frequency selected by the vendor unless frequency
of testing is specified by purchaser,

"4.2.3 Preproduction Tests: Tests to determine conformance to all technical
requirements of this specification are classified as preproduction
tests and shall be performed on the first-article shipment of castings
to a purchaser, when a change in material or processing requires re-
"approval, as in 4.4, and when purchaser deems confirmatory testing is
required.

4.2.3.1 For direct U.S. Military procurement, substantiating test data and,
when requested, preproduction test material shall be submitted to the
cognizant agency as directed by the procuring activity, the contract-
ing officer, or the request for procurement.

* 4.3 S: Shall be In accordance with the following:

4.3.1 One chemical analysis from each melt or one chemical analysis from each
of two castings in each lot.

4.3.2 Each casting shall be radiographically and fluorescent penetrant inspected.

4.3.3 When required, specific test site,. on the casting and frequency of evalua-
ting castings for surface microatructure shall be defined by the purchaser
at the time of preproduction approval.

4.3.4.1 First 30 Castings Received: One casting of each 10 shall be selected
for destructive testing.

4.3.4.2 Castings Received Thereafter: If no failure occurs in 4.3.4.1, one
casting in each 25 consectively received there after shall be tested.
If a failure occurs, the test frequency reverts to one in each 10 for
the next 30 castings received.
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"4.3.4.3 The tensile properties of an integrally attached test coupon from each
casting shall be determined. Rmoval of the attached coupon shall only
be performed by an approved test facility that is independent of the
foundry.

4.4 Preproduetion Approval:

4.4.1 Sample castings from new or reworked patterns shAL11 be approved by
purchaser before production castings are supplied.

4.4.1.1 Two preproduction castings shall be furnished to the purchaser of each
part number. One casting shall have been dimensionally inspected by
the vendor and the results shall be forwarded with the casting for
approval. The second casting shall be supplied to the purchaser for
" metallurgical evaluation in accordance with 4.2.3. All the vendor
results obtained to substantiate the metallurgical quality of the
casting shall be included.

4.4.2 Vendor shall document the parameters for the control factors of processing
which will produce acceptable castings; for approval of sample castings of
each part number. 'heae shall constitute the approved casting procedure
and shall be used for producing production castings. If necessary to make
any change in parameters for the control factors of processing, vendor
shall submit for reapproval a statement of the proposed changes in process-
Ing and, when requested, sample test specimens, castings, or both. Pro-
ductlon castings incorporating the revised operations shall not be shipped
prior to receipt of written reapproval.

4.4.2.1 Control factors for producing castings include, but are not limited to
the following:

Melting practice regarding control of:

Chemistry
Gas content
Melt temperature

Molding procedure regarding:

Materials and assembly
Gating and risering systems
Solidification rate in designated areas

Heat treatment practice regarding:

Temperature and zime parameters
Load density
Quenching procedure

Shop traveler describing the sequence of processing, inspection, and
testing.
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4.4.2.1.1 Any of the above control factors of processing for which parameters
are considered proprietary by the vendor may be assigned a code desig-
nation. Each variation in such parameters shall be assigned a modi-
fied code designation.

4.5 Rep.rts :-

4.5.1 The vendor of castings shall furnish with each shipment three copies of

areport showing the results of tests for chemical coaposition from each

melt, tensile properties of attached specimens representing each casting
and specimens cut from castings if applicable, penetrant and radiographic
inspections of each casting by serial number, and when required, micro- >'1
structure and hardness test results from each lot. This report shall
include the purchase order number, material specification number and its
revision letter, part number, and quantity.

4.5.2 Tne vendor of finished or semi-finished parts shall furnish with each
shipment three copies of a report showing the purchase order number,
material specification number and its revision letter, contractor or
other direct supplier of castings, part number, and quantity. When cast-
ings for making parts are purchased by the parts vendor, that vendor
shall inspect each lot of castings to determine conformance to the re-
quirements of this specification, and shall include in the report a
statement that the castings conform, or shall include copies of labora-
tory reports showing the results of tests to determine conformance.
Castings produced by the parts vendor must be inspected in accordance
with 4.2.

4.6 Resnpling and Retesting:

4.6.1 Attached coupons

4.6.1.1 Retesting of the integrally attached coupon is permitted when an isolated
flaw is evident on the fracture face of the broken tensile specimen.

4.6.1.2 Testing is required of an Integrally attached chilled test coupon after
reheat treatment. The replacement specimen shall be taken from an addi-
tional coupon which has remained integrally, attached to the casting
through the reheat treat process.

4.6.2 Tensile specimens excised from the casting.

4.6.2.1 Replacement of tensile specimens shall be allowed in accordance with
ASTH E8 for poor machining, incorrect test procedure, malfunction of
test equipment or fracture location.

4.6.2.2 Retesting of a tensile specimen excised from the castings Is only •-
permitted when the fracture face indicates an isolated gas hole, or

piece of foreign material. Retesting shall be permitted by testing ?
two adjacent specimens. Should it not be possible to obtain adjacent
specimens, or If a replacement specimen also fails, then tio additional
castings shall be tested. The failure of a tensile specimen in a
second casting shall be cause to consider the lot of castings iuspect
and the purchaser contacted for material review action. All castings
ship;ed and In process since the last acceptable tensile teat casting
shall be reliewed for disposition.

438

hNI::" "-'



* Ms. Meg Steigerwald Attachment (1) to N3882-84-38
Praposed AMS Draft 40GC by Kermit Oswalt Page 9 of 10

,23 May 1984

= 4.6.2.3 All retest tensile "pecimen shall be located to represent as nearly
as possible the quality of the metal of the original test. Isolated
gas holes or foreign material that are discernable by production
radiography may be avoided.

5 P.REPARATION FOR DELIVERY

* 3.1 Identification: Castings shall be identified in accordance vLwh ANS 2804.

S5.2 Packaging:

5.2.1 Castings shall be prepared for shipment in accordance with commercial
practice and in compliance with applicable rules and regulations per-
taining to the handling, packaging, and transportation of the castings
to ensure carrier acceptance and safe delivery. Packaging shall conform
to carrier rules and regulations applicable to the mode of transportation.

5.2.2 For direct U.S. Military procurement, packaging shall be In accordance
with HIL-ST--649, Level A or Level C, as specified in the request for
procurevent. Commercial packaging r- In 5.1.1 r1ll be acceptable If it
meets the requirements of Level C.

•__: 6. ACKNO.•LEDC.GXNT: A vendor shall mention this specification number and its
revision letter In all quotations and when acknowledging purchase orders.

- 7. REJECTIONS: Castings not conforming to this specification or to authorized

modifications will be subject to rejection.

8. INOTES:

J 8.1 Dimensions and properties In inch/pound units are primary; dimensions and
properties in SI units are shown as the approximate equivalents of the inch/
"pound units and are not to be construed as standard for castings produced
to SI dimensions.
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TABLE 1.

NaxIuuM acceptance defects In aluminum alloy castings (maximum permissl.le
radiograph In accordance with ASMf Z155)

Defects Radiograph Designated Other
reference Areas Areas

Gas holes 1.1 1 2
Gas porosity (round) 1.21 1 3
Gas porosity (elongated) 1.22 1 3
Shrinkage cavity 2.1 1 2
Shrinkage porosity or sponge 2.2 1 2
Foreign material (less dense) 3.11 1 2
Foreign aaterial (more dense) 3.12 1 2
Segregation ... none none
Cracks no. •rne none
Cold shuts ,. none none
Laps fee none none

NOTES:

(1) When two or more types of defects are present to an extent equal to or not
significantly better than the acceptance standards for respective deiects,
the parts shall be rejected.

(2) When two or more types of defects are present and the predominating defect
Is not significantly better than the acceptance standard. the part shall be
considered borderline.

(3) Borderline castings shall be reviewed for acceptance or rejection by the
cognizant procurement personnel.

(4) Gas holes or sand spots and inclusions allo,#ed by this table shall be cause
for rejection vhen closer than tvwce their maximum dimension to an edge or
extremity of a casting.
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NLUMM ALLOY CASTIJS, SAND COMPOSITE
4.7u,- 0.75A9 - 0.35Mn - 0.30ft - 0.22Ti (A201.0 - T7)

Solution Treated and Overaged
Structural Aircraft Quality

I.

1. SCOPE

1.1. Form: This specification covers an aluminum alloy in the form of sandI €omposite molded castings.

* 1.2 Application: Primarily for structural aircraft components.

1.3 Prjeroduction Qualification: The foundry supplying castings to this
specification must have been pre-qualified by the purchaser In accordance
with 4.4.

2. APPLICABLE DOCUMNS: The following publications form a part of this
specification to the extent specified herein. The latest of Aerospace
Material Specifications (AlS) shall apply. The applicable issue of other
documents shall be " specified in ANS 2350.

2.1 SAE Publications: Available from Society of Automotive Engineers, Inc.,

100 Commonwealth Drive, Warrendale, PA 15096.

2.1.1 Aerospace Material Specifications:

AMS 2350 - Standards and Test Methods
AIS 2360 - Room Temperature Tensile Properties of Castings
AIS 2804 - Identification Castings

2.2 ASTh Publications: Available from Americean Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM B557 - Tensiou Testing Wrought and Cast Aluminum and Magnesium
Alloy

ASTH E18 - Test for Rockwell Hardness and Rockwell Superficial Hardness
Metallic Materials

ASTH E34 - Chemical Analysis of Aluminum and Aluminum Alloys
ASTh E155 - Reference Radiographs for Inspection of Aluminum and Kag-

nesium Castings, Series III
ASTh C44 - Aternate Immersion Stress Corrosion Testing In 3.52 Sodium

Cloride Solution

2.3 Government Publicationa: Available from Commanding Officer, Naval Publi-

cations and Forms Center, 5801 Tabor Avenue, Fhiladelphia, PA 19120.

2.3.1 Federal Standards"

Federal Test Method Standard No. 151 - Metals; Test Methods
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2.3.2 Military Specifications:

MIL-H-6088 - Beat Treatment of Aluminum Alloys
MIL-I-6866 - Inspection, Penetrant Method of
MIL-I-25135 - Inspection Materials, Penetrant

2.3.3 Military Standards:

MI1L-STD-410 - Qualification of Inspection Personnel
MIL-STD-649 - Aluminum and Magnesium Products. Preparation for Shipment
and Storage

MIL-STD-D0453 - Military Standard Inspection, Radiographic
HIL-STD-1537 - Electrical Conductivity Test for Measurement of Heat
Treatment of Aluminum Alloys, Eddy Current Method

3. TECHNICAL REQUIREMENTS

3.1 Composition: Shall conform to the following percentages by weight, deter-
mined by wet chemical methods in accordance with ASTM E34, by spectrographic
methods in accordance with Federal Test Method Standard No. 151. Method
112, or by other approved analytical methods approved by purchaser:

Tolerance For
Foundry Melt Casting

Analysis Analysis
under over

min. max. min. wax.

Copper 4.5 5.0 0.5 0.5
Silver 0.5 1.0 - -
Manganese 0.20 0.50 - -

Magnesium 0.25 0.35 0.05 0.05
Titanium 0.15 0.35
Iron - 0.05 -
Silicon - 0.05 -

Other Impurities, each - 0.05 -
Other Impurities, total - 0.15 -
Aluminum remainder remainder

3.2 Condition: Solution and precipitation heat treated,(overaged).

3.3 CastIng: Castings shall be produced from metal conforming to 3.1.

3.3.1 A melt shall. be a single homogenous batch of molten metal to which all
processing has been completed and the temperature has been adjusted ready
for pouring castings.

3.3.2 A lot of castings shall be all castings poured from a single melt In not
more than eight consecutive hours and solution and precipitation heat
treated In the same heat treat batch.,
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3.4 Chemical Analysip Specimens: Shall be cast from each melt.

3.5 Integral Attached Coupons: Each casting will have a minimum of 2 Integrally
attached test coupons. The second coupon shall be left attached and only
used in the event that reheat treatment is necessary.

3.6 Beat Treatment: Castings and integrally attached test coupons shall
be solution and precipitation heat treated In accordance with HIL-B-6088
except as othervise specified herein.

3.6.1 All castings and integrally attached test coupons shall be solution heat
treated and overaged in such a manner as to ensure conformance to the
requirements of 3.7. A step solution treatment of 945-965F for 2 hours
minimum then stepped up to 970-990F for 14 hours minimm Is recoended.
An aging treatment at 365-375F (185-191C) for a minimum period of 5 hours is ..
required.

3.6.2 The integrally attached test coupons shall remain attached to the casting
until removed by an approved test facility of the purchaser which is in-
dependent of the foundry.

3.7 Proerties: Castings and integrally attached test coupons shall conform
to the following requirements:

3.7.1 Tensile Properties: Shall be as follows, determined in accordance with
ASTM B557 and shall be used as basis for acceptance of castings.

3.7.1.1 Integrally Attached Test Coupons:

Tensile Strength, min. 62
Yield Strength at 0.2% Offset, min. 55
Elongation, min. 5%

3.7.1.2 Specimens Cut from Castings: Tensile properties of specimens cut from
the casting shall be as follows:

3.7.1.2.1 Designated Casting Areas:

Tensile Strength, min. 60
Yield Strength at 0.22 Offset, min. 50
Elongation, min. 3%

3.7.1.2.2 Casting areas other than designated areas:

Tensile Strength, min. 56
Yield Strength at 0.2% Offset, min. 48
Elongation, min. 2%

3.7.1.2.3 When proverties other th,- those of 3.7.1.2.1 or 3.7.1.2.? are re-

drawing, from a casting" chosen at random to represent the lot,
shall have the properties Indicated on the drawing for such specimens.
Property requirements may be designated in accordance with AMS 2360.

3.7.2 Rardness of Castings: Castings, should have hardness of HRB minimum, 70
determined in accordance with ASTm E18, but castings shall not be rejected
only on the basis of hardness.
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3.7.3 Electrical Conductivity: Casting shall exhibit a minimum electrical
conductivity of 31% IACS as determined by the procedure of MIL-STD-1537.

3.7.4 Stress-Corrosion Resistance: A specimen as in 4.3.5, cut from the designa-

ted area of the casting or an attached coupon shall &how no evidence of
stress corrosion cracking when tested for a period of 30 days in accordance
with ASTM C44 at a stress of 75% of the specified Rinimum yield strength.

3.8 Ouslity

3.8.1 Castings as received by purchaser, shall be uniform in quality and con-
dition, sound, and free from foreign materials and from internal and
external imperfections detrimental to usage of the castings.

3.8.1.1 Castings shall have a surface finish in accordance with engineering
drawing and WAS 823 and shall be well cleaned.

3.8.2 Castings shall be produced under foundry control. This control shall
consist of pre-production examination of castings until proper foundry
technique and controls are established which will produce castings that
will meet the drawing quality and dimensional requirements.

3.8.3 Radiographic inspection shall be performed in accordance with MIL-STD-
00453. In addition, Type 1 radiographic film shall be used, and a
maximum unsharpness value of 0.003 inch (0.08 mm) and flaw sensitivity
of 1Z shall be maintained. ASTK E155 shall be used to define radio-
graphic acceptance standards in accordance with Table 1.

3.8.4 Castings shall be subjected to fluorescent penetrant inspection in
accordance with MIL-I-6866.

3.8.4.1 The fluoresent penetrant shall have a sensitivity level equivalent to
group V of MIL-I-25135.

3.8.4.2 Personnel conducting the testing shall be qualified and certified in
accoidance with the requirements of MIL-STD-410.

, 3.8.4.3 Linea." indications, cold shuts, cracks, and seams are cause for
rejection.

3.8.4.4 Surface porosity is cause for rejection if the individual pores are
closer than twice their maximum dimension to an edge or extremity of
the casting or the pores form a linear indication; i.e., three cr
more are in a line and the distance between each indication is less
than twice the maximum dimension of either adjacent indication.

3.8.4.5 Any individual indication which is three times longer than it is
wide shall be considered a linear indication and shall be cause for

3.8.5 Castings shall not be repaired by peening, plugging, welding, or other
methods, except as defined in 3.8.5,1.

S3.8.5.1 Defects in the nondesignated areas of the casting may be removed and the
castings repaired by welding in accordance with AMS 2691 and using A201
alloy filler metal. Final heat treatment and Inspection shall be per-
formed after the welding has been completed.
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3.8.6 Castings shall not be Impregnated, chemically treated, or coated to
prevent leakage, unless specified or allowed by written permission of
purchaser, designating the method to be used.

3.9 Marking

3.9.1 Each casting shall be identified by legible raised figures with part
number, foundry identification, end serial number in the area indicated
on the engineering drawing. The serial number shall be used only once
to provide traceability to the processing of a particular part.

3.9.2 Each casting accepted by radiographic inspection shall be Ink stamped in
accordance with MIL-STD-00453.

3.9.3 Each casting accepted by penetrant Inspection shall be ink stamped in
accordance with MIL-1-6866.

3.9.4 Integrally attached test coupons or prolongations shall be identified by
a vibroetched serial number corresponding with the casting serial number.

3.9.5 Castings and the accompanying reports shall identify the heat treat
batch and melt number to the individual casting through the serial number.

3.9.6 When Impregnation is specified or permitted by purchaser. castings shall be

marked IMP by ink stamp.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The vendor of castings shall be respondi-
ble for 6btaining all required tests at the purchaser's approved facilities.
The removal and testing of tensile specimens from castings per 3.7.1.2 shall
be performed at an approved facility independent of the foundry. Results of
such tests shall be reported to the purchaser as required by 4.5. Purchaser
reserves the right to perform such confirmatory testing as he deems necessary
to ensure that the castings conform to the requirements of this specification.

4.2 Classification of Tests:

- 4.2.1 Acceptance Tests: Tests to determine conformance to requirements for
composition (31), tensile properties of integrally attached test coupons
(3.7.1.1), tensile properties of specimens cut from castings (3.7.1.2),
electrical conductivity (3.7.3) and quality (3.8) are classified as
acceptance tests and shall be performed on each casting, melt, or lot as
applicable.

4 .2.2 Periodic Tests: Tests to determine conformance to requirements for hard-
weas (3.7.2) and stress-corrosion resistance (3.7.4) are classified as
periodic tests and shall be performed at a frequency selected by the vendor
unless frequency of testing is specified by purchaser. The frequency of
testing specimens excised from castings Is defined in 4.3.4.

4.2.3 Freproductlon Tests: Tests to determine conformanc* to all technical
requirements of this specification are classified as preproduction
tests and shall be performed on the first-article shipment of castings
to a purchaser, when a change in material or processing requires re-
approval, as in 4.4, and when purchaser deems confirmatory testing Is
requl red.
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4.2.3.1 For direct U.S. Military procurement, substantiating test data and,
when requested, preproduction teat material shall be submitted to the
cognizant agency as directed by the procuring activity, the contract-
Ing officer, or the request for procurement.

4.3 Sampling: Shall be in accordance with the following:

4.3.1 one chemical analysis from each melt or one chemical analysis from each of
two castings in each lot.

4.3.2 Each casting shall be radiographically and fluorescent penetrant Inspected.

S.4.3.3 The electrical conductivity of an Integrally attached test coupon of each
casting shall be determined.

* 4.3.4 The destructive testing of castings for the evaluation of excised tensile
specimen shall occur at the following frequency:

4.3.4.1 First 30 Castings Received: One casting of each 10 shall be selected
for destructive testing.

. 4.3.4.2 Castings Received Thereafter: If no failure occurs in 4.3.4.1, one
casting in each 25 consectively received there after shall be tested.
If a failure occurs, the test frequency reverts to one in each 10 for
the next 30 castings received.

4.3.4.3 Specimens shall conform to ASTH B557 and shall be either 0.500 in.
(12.75 m) diameter at the reduced gauge section or subsize specimens
proportional to the standard round or standard sheet type specimens.

4.3.4.4 The tensile properties of an integrally attached test coupon from each
casting shall be determined. Removal of the attached coupon shall only
be performed by an approved test facility or the purchaser.

4.3.5 Specimens for stress-corrosion tests shall be round test specimens, not
less than 0.250 in diameter in the reduced section. Whenever practi-
cable, specimens shall be taken from the designated areas of the casting
as shown on the engineering drawing. (Specimenf from integrally attached
test coupons are acceptable if size of the casting does not permit exci-

ison of 0.250 diameter specimen.)

S-.4.4 Preproduction Approval:

" 4.4.1 Sample castings from now or reworked patterns shall be approved by pur-
chaser before castings for production use are supplied.

4.4.1.1 Tvo preproduction castings shall be furnished to the purchaser. One
casting shall have been dimensionally inspected by the vendor and the
results shall be forwarded with the casting for approval# The second
casting shall be for metallurgical evaluation by the purchaser. All
the vendor results obtained to substantiate the metallurgical quality
of the casting shall be included.

- -4.4.2 Vendor shall document the parameters for the control factors of processing
which will produce acceptable castings; these shall constitute the
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approved casting procedure and shall be used for producing production
castings. If necessary to make any change in parameters for the control
factors of processing, vendor shall submit for reapproval a statement of
the proposed changes in processing and, ihen requested, ample test
specimens, castings, or both. Production coatings incorporating the
revised operations shall not be shipped prior to receipt of written
reapproval.

4.4.2.1 Control factors for producing castings include, but are not limited to
the following:

Melting practice regarding control of:

Chemistry
Gas content
Crain size
Malt tmperature

Molding procedure regarding:

Materials and assembly
Gating and risering systems

Beat treatment practice regarding:

Temperature and time parameters
Load density
Quenching procedure

Shop traveler describing the sequence of processing, inspection, and
testing.

4.4.2.1.1 Any of the above control factors of processing for which parameters
are considered proprietary by the vendor may be asigned a code desig-
nation. Each variation in such parameters shall be assigned a modi-
fied code designation.

4.5 Reports:

4.5.1 The vendor of castings shall furnish with each shipment three copies of
a report showing the results of tests for chemical composition from each
melt, tensile properties of attached specimens representing each casting;
penetrant and radiographic inspection of each casting by serial number and
*specimens cut from casting if applicable. This report shall include the
purchase order number, lot number, material specification number and its
revision letter, part number, and quantity.

4.5.2 The vendor of finished or seni-finished parts shall furnish with each
shipment three copies of a report showing the purchase order number.
material specification number and its revision letter, contractor or
other direct supplier of castings, part number, and quantity. When cist-
Ings for making parts are purchased by the parts vendor, that vendor
shall inspect each lot of castings to determine conformance to the re-
quirements of this specification, and shall include in the report a
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statement that the castings conform, or shall Include copies of labora-
tory reports shoving the results of tests to determine conformance.
"Castings produced by the parts vendor must be inspected In accordance
with 4.1.

7 4.6 Resampling and Retesting:

*i 4.6.1 Attached coupons

4.6.1.1 Retesting of the integrally attached coupon Ls permitted when an isolated
flaw is evident on the fracture face of the broken tensile specimen. t .e:

4.6.1.2 Testing Is required of an integrally attached test coupons after rehea.Ci
treatment. The replacement specimen shall be taken from the second
coupon which has remained integrally attached to the casting through the
reheat treat process.

"* 4.6.2 Tensile specimens excised from the casting.

4.6.2.1 Replacement of tensile specimens shall be allowed in accordance with
"ASTh B557 for poor machining, incorrect test procedure, malfunction of
test equipment or fracture location.

4.6.2.2 Retesting of a tensile specimen excised from the castings is only
permitted when the fracture face Indicates an Isolated gas hole. or
piece of foreign material. iRetesting shall be permitted by testing
"two adjacent specimens. Should It not be possible to obtain adjacent
specimens, or if a replacement specimen also fails, then two additional
castings shall be tested. The failure of a tensile specimen in a
second casting shall be cause to consider the lot of castings suspect
and the purchaser contacted for material review action. All castings
shipped and in process since the last acceptable tensile test casting
shall be reviewed for disposition.

4.6.2.3 All retest tensile specimens shall be located to represent as nearly
as possible the quality of the metal of the original test. Isolated
flaws that are discernable by production radiography may be avoided.

*J 5. PREPARATION FOR DELIVERY

* 5.1 Identification: Castings shall be identified in accordance with AMS 2804.

5.2 Z!Lka~g

5.2.1 Castings shall be prepared for shipment in accordance with commercial
practice and in compliance with applicable rules and regulations per-
taining to the handling, packaging. and transportation of the castings
to ensure carrier acceptance and safe delivery. Packaging shall conform
to carrier rules and regulations applicable to the mode of transportation.

5.2.2 For direct U.S. Military procurement,.packaging shall be In accordance
"with MIL-STD-649, Level A or Level C. as specified in the request for

- . procurement. Commercial packaging as in 5.2.1 will be acceptable If it
meets the requirements of Level C.
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6. ACKNOWLEDGMENT: A vendor shall mention this specification umuber and its
revision letter In all quotations and when acknowledging purchase orders.

7. EEJECTIORS: Castings not conforming to this specification or to authorized
modifications wrll be subject to rejection.

I. NOTES:

9.1 Dimensions and properties in Inch/pound units are primary; dimensions and
properties in SI units are shown as the approximate equivalents of the Inch/
pound units and are not to be construed as standard for castings produced
to SI dimensions.

8.2 Porosity on the surface of the stress corrosion specimen may accelerate
corrosion due to entrapment of the saline solution and result in premature
failure.

TABLE I.

Maximum acceptance defects In aluminum alloy castings (maximum permissible
radiograph in accordance with ASTM E155)

Defects Radiograph Designated Other
reference Areas Areas

Gas holes 1.1 1 2
Gas porosity (round) 1.21 1 3
Gas porosity (elongated) 1.22 1 3
Shrinkage cavity 2.1 1 2
Shrinkage porosity or sponge 2.2 1 2
Foreign material (less dense) 3.11 1 2
Foreign material (more dense) 3.12 1 2
Segregation ... none none
Cracks ... none none
Cold shuts ... none none
Laps ... none none

NOTES:

(1) When two or more types of defects are present to an extent equal to or not
s4gnificantly better than Che acceptance standards for respective defects,
the parts shall be rejected.

Ii

(2) When two or more types of defects are present and the predominating defect
is not significantly better than the acceptance standard, the part shall be
considered borderline.

(3) Borderline castings shall be reviewed for £cceptance or rejection by the
cognizant procurement personnel.

(4) Gas holes or sand spots and inclusions allowed by this table shall be cause
for rejection wuhen closer than twice their maximum dimension to an edge or
extremity of a custing.
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]DETERMINATION AND ACCEPTANCE OF )ENDKfTZ ARM SPACING IIn ALMISWM CASTINGS

I. SCOPE

1.1 This specification establishes a non-destructive test procedure to evaluate
the dendrite arm spacing (DAS) of £356 and A357 alusiumm catis. .-

2. APPLICAILE DOCUMENTS

This section Is not applicable to this specification.

3. TECHNICAL O•EUIRELMNTiS •
3.1 Equip~ent

3.1.1 Portable Polishing Unit, Wax Erb Instrument Co.
Transpol, or equivalent

3.1.2 Electropolishing Unit, Max Erb Xnstrument Co.
Movipol, or equivalent

3.1.3 Microstructure Replicating Max Erb Instrument Co.
Unit, Transcopy, or
equivalent 1

3.1.4 Light Microscope vith Camera Commercial
Attachment

3.1.5 Paper, Abrasive, 100 to Commercial
600 Crit

3.2 TEST PROCEDURE

3.2.1 Microstructure Acceptance Criteria Determination

3.2.1.1 Testing of integrally attached coupons.

3.2.1.1.1 Two attached coupons shall be evaluated which represent a significant
difference In dendrite, arm spacing (DAS),

3.2.1.2 The DAS and ultiuaate tensile strength (UTS) of each coupon shall be
determined.

3.2.1.3 The maximum DAS acceptable shall be determined in the folloving manner:

DASmax a(bAS2 - DASI \(UTS1 - UTS 3 ) + DAS.

,TI s IriS2
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Vhere:

JASax Maximum size DAS acceptable to meet minimum tensile
properties (I x W0-4 inches)

UTSI - Ultimate tensile strength of coupon with smallest OAS (Kai)

UTS 2 - Ultimate tensile strength 'of coupon with largest DAS (Kai)

iITS 3  Ultimate tensile strength minimum required (Kal)

DAS 1  Size of DAS of coupon with smalleoL structure
(1 x 10-4 Inches)

DAS 2 =Size of DAS of coupon with largest structure
(0 x 104 inches)

3.2.2 Casting Examination for Acceptance

3.2.2.1 The DAS shall be determined on the casting surface at each test location
shown on the casting drawing. When test lo-tations are not shown on the
casting draving, areas selected for the excision of tensile coupons shall
be used.

3.2.2.2 The DAS in all test locations shall be equal or less than the maxiuum
acceptable size determined in 3.2.1.

3.2.3 DAS Test Procedure

3.2.3.1 Frepollshing

3.2.3.1;1 Test locations shall be prepolished by equipment of 3.1.1 and 100 grit
paper followed by 400 or 600 grit paper.

3.2.3.1.2 Frepolishing shall be sufficiteut to produce an outline of the secondary
arm structure after etching.

3.2.1.3 M4aterial removal during polishing shall not exceed 0.005 inch thickness.

3.2.3.2 Electropolishing and Electroetchlng

3.2.3.2.1 Prepolished test locations shall be electropolished and electroetched
using Hovipol electropollsher or equivalent approved by the Contractor.

3.2.3.2.2 The recommended polishing and etching solution when using Hovipol Is
as follows:

Distilled Water 120 millilitres (ml)
Tartaric Arid 50 gras
"Ethyl Alcohol 100 al
butyl Ctllosolve 00 ml
Perchloric Acid
(60 percent) 78 al

3.2.3.2.3 When using Hovipol, the recommended current density is 0.2 to 0.4 ampere;
the etching time Is 3 to 4 3econds.
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3.2.3.3 Kicrostructure lUplicstion

3.2.3.3.1 The microstructures of electroetched locationa shall be transferred to a
replica plate provided in the Tranacopy kit, follwing the procedure
described In the supplier's literature. ,..•

3.2.3.3.2 Any other method of mlcrostructure replication, sucb as replicating tape,
shall be approved by the Contractor..

3,2.3.3.3 The replica plates shall be Individually Identified by test locotion and
placed within an envelope which identifies the test casting represented by
the replicas.

3.2.3.3.4 Kicrostructure shall clearly distinguish the secondary arm spacing from
the casting surface. lproper polishing, anderetching, or overetching can
produce a misleading microstructure.

3.2.3.3.5 If the mlcrostructure is Improperly polisbed, underetched, or overetched,
the test location shall be repolish*d very lightly uwing 400 to 600 grit
"paper, re-electrorolished and re-electroetched. The current density and
etching time shall be established. Underetched locations shall not be
re-electroetched vittiout "repolishing.

3.2.3.3.6 The test casting shall be rinsed in runnitg water to remove the etching
solution after the examination has been completed.

3.2.3.4 Photographic Reproduction

3.2.3.4.1 A photographic reproduction shall be made it a magnlificatlou of IOOX In
the area vhich most clearly defines the general mlcroatructure.

3.2.3.4.2 Areas selected for evaluation shall be identified either directly on the
photograph or on a copy of the photograph.

3.2.3.5 Microstructure Evaluation -'

3.2.3.5.1 Either of two methods of evaluation are acceptable; however, the measure-
ment of clearly defined secondary dendrite arm spacing (DAS) Is preferred.
When this is not possible, the alternate procedure of measuriug the
distance between silicon particles located in a random manner along a
single line shall be used. The measurement ol DAS is possible If the
microstructure of Figure I is obtained; however, if the aicrostructure
of Figure 2 is obtained, then the alternate procedure is necessary.

3.2.3.5.2 All seasurements used in the evaluation of a casting for acceptability
shall be made by the same method.

3.2.3.5.3 Preferred Measurement Method: Extend a straight line across an area of
well define structure such as illustrated In Figure 1. The line is drawn

perpendicular to the growth direction of the secondary arms. The average
distance between intercepts of silicon particles aloag the line sheal be

used to define the DAS of the structure. By measuring the total length

of drawn live and counting the number of Interceptions, the average DAS

value can be determined in the following manner:

DAS, inches: Length of Ititercept Line (inches) x I .-
Numb-er of Interceptions Magnification
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3.2.3.5.3.1 At least two areas of the mlcrostructure shall be evaluated. The
average value of the two areas shall be referred as the DA4S of that
test site.

-3.2.3.5.4 Alternate Measurement Iethod - This altern~te procedure consists of
drawing a straight line of known length across the microstructure and
counting the number of times the live is intercepted by silicon parti-
cles (see Figure 2). The average distance betveen silicon particles
is then used to quantify the structure. Particle intercept distance
(PID) Is determined by the following:

PID, inches - Length of Intercept Line (Inches) a 1.
Number of Intercepts aNifircation

3.2.3.5.5 At least two lines shall be drawn which vary in their orientation to
each other as much as practical. The average PID of the two lines
shall be reported.

3.2.3.5.6 In other sections of this specification. PID may be Interchanged with

DAS without changing the technical intent of this specification.

4. _QUALITY ASSUUANCE PROVISIONS

"4.1 Responsibility for Inspection: The testing facility shall be surveyed and
approved by the casting purchaser. The test facility shall be responsible
for the determination of an average measurement value from each test site.

4.2 Test Reports

4.2.1 The test results shall be itemized as average values from each test site
on the casting or integrally attached test coupon.

4.2.2 A photograph or copy of the photograph of the iLcrostructure at each test
site shall be reported which clearly delineates the lines drawn for micro-
structure measurements.

4.2.3 The test laboratory shall maintain on file for a minimum perýiod of 90 days
the replica plate or tape used in the evaluation.

5. PREPARATION FOR DELIVERY: Not applicable.

"6. Acknovledgement: A vendor shall mention this specification number and its
revision letter in all quotations and when acknowledging purchase order.

7. REJECTIONS: Not applicable.

8, NOTES

8.1 Suppliers may obtain information pertaining to, or additional copies of,
"this specification by applying to the purchaser.

453



4

44Av

W-,.00239 17A 85-00239-17B

FI GU 13E I. MEASUREMENT OF DAS TAKEN IN SELECTED AREAS

0 4

.. A

I-.l

Ii) CT.'• fýIAS 4 NOFI)~rSI*.JC-R

-_ _---54

-••, ii,.'i ii.;,i: .F-'IGUBL-- I II-I•' UR MN-.F.DA ['AKEN .L'', '.• I N.% i, . .. .SE EC E AREAS'• ' . -.. ,.-... .. ', .



.+

LL

*1REFERENCES

1. Lemon, R.C., and Hunsicker, H.Y., "New Aluminum Permanent Mold Casting
Alloys C355 and A356," Aluminum Company of America, May 1956.

2. Hanson, D. and Gayler, M.L.V., "The Constitution and Age-Hardening of the
Alloys of Aluminum with Magnesium and Silicon," Journal of Institute of
Metals, 1921, pp. 321-368.

3. Sinfield, R. and Harris, D.A., "Effects of Magnesium arid Iron Contents
and of Heat Treatment Variables on the Mechanical Properties of Sodium-
Modified 7% Si - 0.35% mg Alloy, "The Journal of the Australiun Institute
of Metals, Vol. 20, No. 1, March 1975, pp. 44-48.

4. Couture, A., "Iron in Aluminum - A Literature Survey," AFS International
Cast Metals Journal, December 1981, pp. 9-17.

5. De Ross, A.B., "High Purity Aluminum Alloy Solves Structural Engineering
Problems," Moder Castings, May 1957, pp. 69-73.

6. Bodene, D., "Beryllium Additives to metal Casting Alloy," Foundry,
September 1963, pp. 170-182.

7. Christner, R.G., and Goehler, D.D., "Cast Aluminum Structures Technology
(Cast) Manufacturing Methods - Phase II, "Technical Report AFFDL-TR-78-
62, May 1978.

8. Spear, R.E., and Gardner, G.R., "Dendrite Cell size," Transactions of the
American Foundrymen's Society, Vol. 71, 1963, pp. 209-215.

9. Bossing, E.N., and Hall, J.J., "Predicting Properties of Al-Si-Mg Cast-
ings with NDT," Foundry, Vol. 102, Oct. 1974, pp. 82-87.

10. Oswalt, K.J., and Misra, M.S., "Dendritic Arm Spacings (DAS) - a Nondes-
"tructive Test to Evaluate Tensile Properties of Premium Quality Aluminum
Alloy (Al-Si-Mg) Castings," AFS Transactions, 1980, pp. 845-862.

11. Quadt, R.A. and Barber, N.J., "Effect of Room Temperature Intervals Be-
tween Quenching and Aging of Aluminum Sand Casting Alloys," Transactions
of the Americal Foundrymen's Society, Vol. 55, 1949, pp. 351-356.

12. Mollard, F.R., "Influence of Chemical Composition and Heat Treatment on
Properties of KO-1 Alloy," Metals Research Laboratories Olin Corporation,
March 30, 1970.

13. Sperry, P.R. and Kearney, A.L. "Effect of Heat Treatment Variables on
Alloy A201, (KO-1) and a Modification, X202.0."

455

D.



BIBLIOGRAPHY
...

Archer, R.S. and Kempg, L.W., "Aluminum-Silicon.-Magnesium Casting Alloys,"
Americal Institute of Mining and Metallurgical Engineers, 1931, pp. 448-479.

Austen, P.R. and Williamson, H.M., "The Effects of Non-Standard Aging Treat-
ments on the Fracture Properties of Al-Mg-7 wt% Si Alloys," Journal of the H
Australian Institute of Metals, Vol. 20, No. 1, March 1975, pp. 39, 43.

Bailey, W.A., "Preliminary Exploration of the Aluminum-Silicon-Magnesium Alloy
System, Part I," Douglas Aircraft Co. Report No. SM-43109, 31 Oct. 1963.

Bailey, W.A., "Comparative Strength of 354-T6 Type Aluminum-Silicon-Copper-
Magnesium Alloy," Modern Castings, Jan. 1965, pp. 790-797.

"Bainbridge, I.F., "Cast Aluminum," The Journal of the Australian Institute of
Metals, Vol. 20, No. 1, March 1975, pp. 2-22.

Bardes, P.P. and Flemings, M.C., "Dendrite Arm Spacing and Solidification Time
in a Cast Aluminum - Copper Alloy," Transactions of the American Foundrymen's
Society Vol. 74, pp. 406-412.

Bossing, E.N., and Hall, J.J., "Predicting Properties of Al-Si-Mg Castings
with NDT," Foundry, Vol. 102, Oct. 1974, pp. 82-87.

Bossing, E.N. and Hall, J.J., "Advances in Foundry Quality Control Practices,"
Metals Progress, Vol. 106, Oct. 1974, pp. 115-117.

Carless, A.V., "Metallurgical Control of Quality in the Production of Aluminum
Alloy Castings," Journal of the Institute of Metals, Vol. 85, 1956-57, pp.227-
235.

Chalmers, B., "Melting and Freezing," Journal of Metals, May 1954, pp. 519-532

Cibula, A., and Ruddle, R.W., "The Effect of Grain Size on the Tensile Proper-
ties of High-Strength Cast Aluminum Alloys," Journal of the Institute of Me-
tals, 1949-50, pp. 361-376.

Faber, J.W., "Cast Aluminum Structures Technology (Cast) Technology Transfer
(Phase VI), Summary Technical Report," AFWAL - TR-80-3020, The Boeing Company,
Seattle, Washington, April 1980.

Flemings, M.C., Uram, S.Z. and Taylor, H.F., "Solidification of Aluminum Cast-
ings," Transactions of the American Foundrymen's Society, Vol. 68, 1960, pp.
670-684.

Flemings, M.C., "Premium Quality Aluminum Castings," Part 1, Foundry, July
1963, pp. 60-63; Part I1, Foundry, Aug. 1963, pp. 47-49.

456
. ,.



Flemings, M.(., Norton, P.J. and Taylor, H.F., "Performance of Chills on High

Strength-High ductility-Sand Mold Castings of Various Section Thicknesses,"

Transactions of the American Foundrymen's Society, Vol. 65, 1957, pp. 259-266.

Fomn, G.W., and Wallace, J.F., "Solidification of Metals, General Principles,"

Transaction sof the American Foundrymen's Society, Vol. 68, 1960 pp. 670-684. .

Frederick, S.F. and Bailey, W.A., "The Relation of Ductility to Dendrite Cell

Size in Cast Al-SI-Mg Alloy, "Transactions of the Metallurgical Society of

AIME, Vol. 242, Oct. 1968, pp. 2063-2067.

* Grube, K.E., Williams, D.N. and Ogden, H.E. Premium Quality Aluminum Cast-

ings," D.M.I.C., Report 211, Jan. 4, 1965.

Hanson, D. and Gayler, M.L.V., "The Constitution and Age-Hardening of the

*i Alloys of Aluminum with Magnesium and Silicon," Journal of Institute of Metals

*" 1921, pp. 321-368.

Harris, R.C., Lipson, S. and Rosenthal, H., "Tensile Properties of Aluminum-

Silicon-Magnesium Alloys and the Effects of Sodium Modification," Transactions

_ of the American Foundrymen's Society, LXIV, 1956, pp. 470-481.

Jones, G.P. and Pearson, J., "Factors Affecting the Grain Refinement of

Aluminum Using Titanium and Boron Additives," Metallurgical Transactions of

the American Society for Metals, Vol. 7B, June 1976, pp. 223-234.

Kissling, R.J. and Wallace, J.F., "Gas Porosity in Aluminum Castings,"Foundry,
. Feb. 1963, pp. 70-75.

Kissling, R.J. and Wallace, J.F, "Grain Refinement of Aluminum Castings,"
Foundry, July 1963, pp. 45-49.

Kissling, R.J. and Wallace, J.F., "Fluxing to Remove Oxide from Aluminum

. Alloys," Foundry, march 1963, pp. 76-81.

Lemon, R.C., and Hunsicker, H.Y., "New Aluminum Permanent Mold Casting Alloys K

C355 and A356," Aluminum Company of America, May 1956.

Lipson, S., "Effect of Section Thickness on the Tensile Properties of Thin-

Section Aluminum Alloy Sand Castings," Transactions of the American Foundry-

* men's Society, Vol. 77, May 1969, pp. 192-197.

S-Meier, J.W. and Coutre, A., "Aluminum Alloy Test Bar Casting Temperature

Effect on Properties," Dept. of Mines and Technical Surveys, Physical Met.

Div., Ottawa, Canada.

Miller, G.E., "Ultra-Thin-Wall Castings," Foundry, Oct. 1967, pp. 104-107.

Misra, M.S. and Oswalt, K.J., "Corrosion Behavior of Al-Cu-Ag (201) Alloy

Materials," Engineering Quarterly, May 1976.

457

-a........ ~ '



Oswalt, K.J. and Misra, M.S., "Dendritic Arm Spacings (DAS) - a Nondestructive
Test to Evaluate Tensile Properties of Premium Quality Aluminum Alloy (Al-Si-
Mg) Castings," AFS Transactions, 1980, pp. 845-862.

Oswalt, K.J., "New Generation High-Strength Aluminum Casting Alloys," AFS
Transactions, April 1969.

Oswalt, K.J., "Composite Molded Aluminum Castings - Capability and Applica-
tion," presented at AFS/CMI Aluminum Conference, Detroit, Michigan,
Sept. 1979.

Oswalt, K.J., "Heat Treatment of Premium Quality Aluminum Castings," presented
at American Society for Metals Seminar, Los Angeles, California, Nov. 1975.

Owen, T.H. and Marsh, L.E., "Mechanical Properties of C-355 Altiminum Casting
Alloy," Metal Progress, 1957, pp. 78-83, 12 Feb. 1975.

Passmore, E.M., Flemings, M.C. and Taylor, H.F., "Fundamental Studies on
Effects of Solution Treatment, Iron Content, and Chilling of Sand Cast 4
Aluminun-Copper Alloy," Transactions of the American Foundrymens' Society,
Vol. 66, 1958, pp. 96-103.

Quadt, R.A. and Barber, N.J. "Effect of Room Temperature Intervals between
Quenching and Aging of Aluminum Sand Casting Alloys," Transactions of the
American foundrymen's Society, Vol. 55, 1949, pp. 351-356.

Reinemann, G.M. and Marsh, L.E., "Mechanical Properties of A356 Aluminum
Casting Alloy," Metal Progress, July 1959, pp. 80-86.

De Ross, A.B., "High Purity Aluminum Alloy Solves Structural Engineering Prob-
lems," Modern Castings, May 1957, pp. 69-73. "

Ruddle, R.W., "Correlation of Tensile Properties of Castings with Temperature
*i Gradients During Solidification," Journal of the Institute of Metals LXXVII,
; 1950, pp. 37-59.

Ruddle, R.W., "A Preliminary Study of the Solidification of Castings," Journal
* of the Institute of Metals, LXXVII, 1950, pp. 1-36.

Ruddle, T.W. and Minchner, A.L., "The Thermal Properties and Chilling Power of -,1
some Non-Metallic Mould Materials," Journal of the Institute of Metals, 1949-

.' 50, Vol. 76, pp. 43-90.

Singfield, R. and Harris, D.A., "Effects of Magnseium and Iron Contenst and of
Heat Treatment Variables on the Mechanical Properties of Sodium-Modified 7% A
Si-0.35% mg Alloy," The Journal of the Australian Institute of Metals, Vol.
20, No. I March 1975, pp. 44-48.

"Spear, R.E., and Gardner, G.R., "Dendrite Cell Size," Transactions of the
American Foundrymen's Society, Vol. 71, 1963, pp. 209-215.

4585



t.-

Stonebroock, E.E. and Sicha, W.E., "Correlation of Cooling Curve Data with
Casting Characteristics of Aluminum Alloys," Transactions of the American
Foundrymen's Society, LVII, 1949, pp. 489-496.

Winegard, W.C., "Fundamentals of the Solidification of Metals," Metallurgical
Review, Vol. 6, 1961, pp. 57-99.

"5 •I---

I,?

459.

* USO~tRMSNT~INW4OCPI~tIW4- 35-OOUO3O

Lm "


